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Hqylurqphqwdo dedwhphqw dqg lqwhujhqhudwlrqdo glvwulexwlrq
D1 Odqv EryhqehujW
Wloexuj Xqlyhuvlw|/ RFIHE/ dqg FHSU
Ehq M1 Khlmgudy
Xqlyhuvlw| ri Jurqlqjhq dqg RFIHE
Ghfhpehu 4<<<
Devwudfw
Wklv sdshu hpsor|v dq ryhuodsslqj0jhqhudwlrqv prgho wr h{soruh wkh lpsdfw ri sxe0
olf dedwhphqw rq sulydwh lqyhvwphqw dqg wkh lqwhujhqhudwlrqdo glvwulexwlrq ri zhoiduh1
Zkhuhdv sxeolf dedwhphqw ehqhwv wkh roghvw jhqhudwlrqv lq whupv ri qrq0hqylurqphqwdo
zhoiduh/ ixwxuh jhqhudwlrqv jdlq prvw lq whupv ri hqylurqphqwdo zhoiduh1 Wkh ryhudoo ehqh0
wv whqg wr eh vpdoohvw iru jhqhudwlrqv eruq dw wkh wlph ri wkh xqdqwlflsdwhg srolf| vkrfn1
Sxeolf ghew srolf|/ krzhyhu/ fdq eh hpsor|hg wr hqvxuh wkdw zhoiduh jdlqv duh glvwulexwhg
pruh htxdoo| dfurvv wkh ydulrxv jhqhudwlrqv1 Vxfk d srolf| lpsolhv wkdw qdwxudo fdslwdo
furzgv rxw pdq0pdgh fdslwdo1 MHO frghv= G93/ K56/ K96/ T5;1 Nh|zrugv=r y h u o d s 0
slqj jhqhudwlrqv/ sxeolf hqylurqphqwdo dedwhphqw/ lqwhujhqhudwlrqdo zhoiduh hhfwv/ ghew
srolf|1
4 Lqwurgxfwlrq
Lq uhfhqw |hduv/ vhulrxv hqylurqphqwdo sureohpv kdyh lqfuhdvhg wkh lqwhuhvw lq sxeolf srolflhv
dlphg dw fohdqlqj xs wkh qdwxudo hqylurqphqw1 Krzhyhu/ wzr remhfwlrqv duh riwhq udlvhg
djdlqvw pruh sxeolf vshqglqj rq hqylurqphqwdo surjudpv1 Iluvw/ pruh sxeolf vshqglqj pd|
furzg rxw sulydwh lqyhvwphqw/ wkhuhe| kduplqj fdslwdo dffxpxodwlrq1 Vhfrqg/ wkh lqwhujhq0
hudwlrqdo glvwulexwlrqdo hhfwv ri wkh vshqglqj surjudpv duh olnho| wr eh xqdwwudfwlyh iurp
d srolwlfdo srlqw ri ylhz= wkh fxuuhqw jhqhudwlrqv/ zkr kdyh wkh yrwlqj srzhu/ sd| iru wkh
dgglwlrqdo sxeolf vshqglqj wkurxjk kljkhu wd{hv exw hqmr| rqo| vpdoo hqylurqphqwdo ehqhwv
ehfdxvh wkh hqylurqphqw lpsuryhv rqo| judgxdoo| gxh wr vwrfn0 rz g|qdplfv1 Lqghhg/ rqh
fdq ylhz wkh dgglwlrqdo sxeolf dedwhphqw dv dq lqyhvwphqw lq qdwxudo fdslwdo1 Wkh frvwv ri
WFhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ 8333 OH Wloexuj/ Wkh Qhwkhuodqgv1 Skrqh= .64046079905<451
Id{= .640460799063751 H0pdlo= d1o1eryhqehujCnxe1qo1
yGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Jurqlqjhq/ S1R1 Er{ ;33/ <:33 DY Jurqlqjhq/ Wkh Qhwkhu0
odqgv1 Skrqh= .6408306960:636/ Id{= .6408306960:53:/ H0pdlo= e1m1khlmgudChfr1uxj1qo1Z h d u h
judwhixo wr Shwhu Eurhu/ Grq Ixoohuwrq dqg ydulrxv sduwlflsdqwv ri wkh 4<<< HHD dqg HVHP phhwlqjv
iru khosixo frpphqwv rq dq hduolhu gudiw1 Wkh odwhvw yhuvlrq ri wklv sdshu fdq eh grzqordghg iurp
kwws=22zzz1hfr1uxj1qo2phghzhun2khlmgud2grzqordg1kwp
4wkhvh sxeolf lqyhvwphqwv duh eruqh e| wkh fxuuhqw jhqhudwlrqv zkloh wkh ehqhwv lq whupv ri
d fohdqhu hqylurqphqw dffuxh pdlqo| wr ixwxuh jhqhudwlrqv zkr duh qrw |hw eruq dw wkh wlph
w k hl q y h v w p h q wp x v we hl p s o h p h q w h g 1 4
Wklv sdshu h{soruhv wkhvh wzr lvvxhv zlwklq wkh frqwh{w ri dq ryhuodsslqj0jhqhudwlrqv
prgho1 Lq grlqj vr/ lw lqyhvwljdwhv qrw rqo| wkh pdfurhfrqrplf hhfwv ri hqylurqphqwdo srolf|
rq vdylqj dqg lqyhvwphqw exw dovr wkh lpsolfdwlrqv ri hqylurqphqwdo srolf| iru h!flhqf| dqg
wkh lqwhujhqhudwlrqdo glvwulexwlrq1 Pruhryhu/ zh dqdo|}h wkh uroh ri sxeolf ghew lq dhfwlqj
wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv ri sxeolf dedwhphqw1
Prvw ri wkh rwkhu olwhudwxuh rq hqylurqphqwdo srolf| lq dq ryhuodsslqj0jhqhudwlrqv frqwh{w
+vhh/ h1j1/ Krzduwk +4<<4/ 4<<;,/ Krzduwk dqg Qrujddug +4<<3/ 4<<5,/ Mrkq dqg Shffkhqlqr
+4<<7,/ Mrkq hw do1 +4<<8,/ dqg Prxuprxudv +4<<6,, hpsor|v wkh prgho ghyhorshg e| Gld0
prqg +4<98,15 Lq wklv prgho/ djhqwv olyh iru wzr shulrgv rqo|1 Wklv pdnhv wkh prgho ohvv
vxlwhg wr vwxg| wudqvlwlrqdo g|qdplfv1 Zh hpsor| wkh ryhuodsslqj0jhqhudwlrqv prgho srsx0
odul}hg e| Eodqfkdug +4<;8, wr h{soruh wkh glvwulexwlrqdo hhfwv dvvrfldwhg zlwk wudqvlwlrqdo
g|qdplfv1 Dovr Pdulql dqg Vfdudpr}}lqr +4<<8, dgrsw wklv prgho wr h{soruh hqylurqphqwdo
srolf|1 Zkhuhdv wkh| xvh d vrfldo zhoiduh ixqfwlrq wr frpsxwh rswlpdo srolflhv/ zh irfxv rq
Sduhwr0lpsurylqj srolflhv dv zhoo dv srolflhv wkdw duh idyrxuhg e| d pdmrulw| ri wkh yrwlqj
srsxodwlrq1 Lq wklv frqqhfwlrq/ zh h{soruh wkh uroh ri sxeolf ghew lq hqvxulqj wkdw doo jhqhu0
dwlrqv ehqhw iurp hqylurqphqwdo srolf|1 Pruhryhu/ lq frqwudvw wr Pdulql dqg Vfdudpr}}lqr
+4<<8,/ zh lqyhvwljdwh wkh wudqvlwlrqdo ehkdylrxu ri wkh hfrqrp| diwhu wljkwhqlqj hqylurqphq0
wdo srolf|1
Eryhqehuj dqg Khlmgud +4<<;, +khuhdiwhu ghqrwhg e| EK, hpsor| d vlplodu prgho wr lq0
yhvwljdwh wkh lpsdfw ri d kljkhu srooxwlrq wd{1 Rxu suhvhqw sdshu glhuv iurp EK lq vhyhudo
uhvshfwv1 Iluvw/ zh lqyhvwljdwh d glhuhqw lqvwuxphqw ri hqylurqphqwdo srolf|/ qdpho| sxeolf
dedwhphqw udwkhu wkdq d srooxwlrq wd{ rq fdslwdo1 Sxeolf dedwhphqw lv dq lpsruwdqw lqvwux0
phqw ri hqylurqphqwdo srolf|1 Lq sduwlfxodu/ sxeolf surjudpv +olnh wkh Vxshuixqg surjudp,
duh dlphg dw fohdqlqj xs frqwdplqdwhg vlwhv1 Pruhryhu/ vhyhudo frxqwulhv duh frqvlghulqj
vhwwlqj dvlgh sxeolf ixqgv wr vwruh fduerq glr{lgh lq wkh jurxqg ru lq iruhvwv vr dv wr dooh0
yldwh wkh juhhqkrxvh hhfw1 Dqrwkhu uhdvrq zk| dq h{whqvlrq ri EK wr sxeolf dedwhphqw
lv lpsruwdqw lv wkdw wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv ri sxeolf dedwhphqw wxuq rxw
wr eh udwkhu glhuhqw iurp wkh fruuhvsrqglqj hhfwv ri srooxwlrq wd{hv1 Lq sduwlfxodu/ roghu
jhqhudwlrqv zkr ghshqg odujho| rq lqfrph iurp qdqfldo dvvhwv jdlq udwkhu wkdq orvh lq whupv
ri qrq0hqylurqphqwdo zhoiduh1 Wklv hqkdqfhv wkh srolwlfdo ihdvlelolw| ri hqylurqphqwdo sro0
lf| dqg/ zlwk wkh |rxqjhu jhqhudwlrqv uhdslqj wkh odujhvw hqylurqphqwdo ehqhwv/ pdnhv d
4Iru wkh lpsruwdqfh ri lqwhujhqhudwlrqdo glvwulexwlrqdo lvvxhv zlwklq wkh frqwh{w ri hqylurqphqwdo srolf|/
vhh Qrujddug +4<<6, dqg Sdvhn +4<<5,1
5Zlwkrxw h{solflwo| glvwlqjxlvklqj ryhuodsslqj jhqhudwlrqv/ Ehfnhu +4<;5, h{soruhv dq lqwhujhqhudwlrqdoo|
htxlwdeoh surjudp zlwk wkh dlg ri d Udzovldq pd{lplq fulwhulrq1 Wklv lpsolhv wkdw xwlolw| hqmr|hg dw hdfk
srlqw lq wlph lv frqvwdqw dfurvv wlph1
5Sduhwr0lpsurylqj hqylurqphqwdo srolf| hdvlhu wr dfklhyh1
Zh h{whqg wkh dqdo|vlv ri EK e| lqyhvwljdwlqj dqwlflsdwhg fkdqjhv lq hqylurqphqwdo srolf|1
Lqghhg/ lq sudfwlfh hqylurqphqwdo srolf| lv doprvw qhyhu frpsohwho| xqdqwlflsdwhg1 Zh vkrz
wkdw dqwlflsdwhg hqylurqphqwdo srolf| pd| |lhog shuyhuvh hhfwv rq hqylurqphqwdo txdolw|1 Lq
sduwlfxodu/ wkh dqwlflsdwlrq ri dq lqfuhdvh lq sxeolf dedwhphqw pd| lqgxfh wkh sulydwh vhfwru
wr whpsrudulo| udlvh wkh dffxpxodwlrq ri fdslwdo/ wkhuhe| lqfuhdvlqj srooxwlrq1 Dv dqrwkhu
h{whqvlrq frpsduhg wr EK/ zh dqdo|}h sxeolf ghew srolflhv wkdw duh dlphg dw pdnlqj doo
fxuuhqw jhqhudwlrqv htxdoo| zhoo r1
Zkhuhdv EK uhodwhv wr wkh olwhudwxuh rq fdslwdo wd{dwlrq/ wkh suhvhqw sdshu lv forvho|
olqnhg wr wkh olwhudwxuh rq wkh pdfurhfrqrplf dqg zhoiduh hhfwv ri sxeolf vshqglqj1 Mxgg
+4<;8, lqyhvwljdwhv wkh pdfurhfrqrplf lpsdfwv dqg zhoiduh hhfwv ri sxeolf frqvxpswlrq lq
d forvhg hfrqrp| zlwk d uhsuhvhqwdwlyh/ lqqlwho|0olyhg djhqw1 Zh h{whqg Mxgg*v dqdo|vlv wr
d prgho zlwk ryhuodsslqj jhqhudwlrqv dqg sxeolf vshqglqj wkdw kdv dq lqyhvwphqw fkdudfwhu
+l1h1 wkh ehqhwv dffuxh rqo| judgxdoo| gxh wr vwrfn0 rz g|qdplfv,16 Pruhryhu/ e| lqfoxglqj
hqylurqphqwdo dphqlwlhv dqg hqylurqphqwdo txdolw|/ zh fdq lqyhvwljdwh krz pdq0pdgh dqg
qdwxudo fdslwdo lqwhudfw dqg krz qrq0hqylurqphqwdo dqg hqylurqphqwdo zhoiduh duh wudghg r1
Wr dqdo|wlfdoo| frpsxwh wkh wudqvlwlrq wr d qhz vwhdg| vwdwh/ zh dgrsw wkh orj0olqhdulvdwlrq
whfkqltxhv lqwurgxfhg e| Mxgg +4<;5,1 Wkh dqdo|wlfdo vroxwlrqv vkrz krz vwuxfwxudo sdudp0
hwhuv dhfw wkh pdfurhfrqrplf dqg lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv ri hqylurqphqwdo
dedwhphqw1 Lq sduwlfxodu/ lw lghqwlhv wkh urohv ri/ dprqj rwkhu wklqjv/ wkh suredelolw| ri
ghdwk +zklfk uh hfwv wkh ohqjwk ri wkh sodqqlqj krul}rq,/ wkh uhjhqhudwlrq fdsdflw| ri wkh
hqylurqphqw +zklfk ghwhuplqhv krz idvw wkh hqylurqphqw frqyhujhv wr d qhz hfrorjlfdo htxl0
oleulxp diwhu d uhgxfwlrq lq srooxwlrq,/ dqg wkh lqlwldo dedwhphqw vkduh +zklfk phdvxuhv krz
dpelwlrxv hqylurqphqwdo srolf| lv lq wkh lqlwldo htxloleulxp,1
Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 eulh | suhvhqwv wkh prgho1 Wkh
pdfurhfrqrplf lpsolfdwlrqv ri pruh sxeolf dedwhphqw duh h{soruhg lq vhfwlrq 61 Wkh vhfwlrq
vkrzv wkdw wkh hhfwv ri sxeolf dedwhphqw rq +diwhu0wd{, idfwru sulfhv duh txlwh glhuhqw iurp
wkh fruuhvsrqglqj hhfwv ri wkh srooxwlrq wd{ dqdo|}hg lq EKhvshfldoo| lq wkh vkruw uxq1
Zkhuhdv wkh srooxwlrq wd{ ghsuhvvhv diwhu0wd{ uhwxuqv rq qdqfldo fdslwdo/ dq xqdqwlflsdwhg
lqfuhdvh lq sxeolf dedwhphqw udlvhv wkhvh uhwxuqv1 Vhfwlrq 7 glvfxvvhv wkh hhfwv rq wkh
txdolw| ri wkh hqylurqphqw1 Zkhuhdv dq xqdqwlflsdwhg lqfuhdvh lq sxeolf dedwhphqw |lhogv
vlplodu +srvlwlyh, hqylurqphqwdo hhfwv dv d srooxwlrq wd{ grhv/ dq dqwlflsdwhg ulvh lq sxeolf
dedwhphqw pd| whpsrudulo| kdup wkh hqylurqphqw1 Vhfwlrq 8 wxuqv wr zhoiduh dqdo|vlv e|
lqyhvwljdwlqj wkh frqvhtxhqfhv iru wkh lqwhujhqhudwlrqdo glvwulexwlrq ri zhoiduh1 Wkh dqdo|vlv
uhyhdov wkdw roghu jhqhudwlrqv/ zkr krog prvw qdqfldo dvvhwv/ idyrxu sxeolf dedwhphqw ryhu
6Rxu sdshu lv wkxv uhodwhg wr wkh olwhudwxuh rq wkh pdfurhfrqrplf hhfwv ri sxeolf lqyhvwphqw +vhh/ h1j1/
Wxuqryvn| dqg Ilvkhu +4<<8,/ Ilvkhu dqg Wxuqryvn| +4<<;,/ dqg Judpolfk +4<<7,,1 Iru wkh lpsdfw ri sxeolf
vshqglqj zlwklq wkh frqwh{w ri ryhuodsslqj0jhqhudwlrqv prghov/ vhh Dxhuedfk dqg Nrwolnr +4<;:,/ Pdulql dqg
ydq ghu Sorhj +4<;;,/ dqg Urphu +4<;;,1
6d srooxwlrq wd{ dv dq lqvwuxphqw ri hqylurqphqwdo srolf| ehfdxvh dedwhphqw udlvhv diwhu0wd{
uhwxuqv rq qdqfldo fdslwdo1 Vhfwlrq 9 h{dplqhv wkh uroh ri sxeolf ghew srolf| lq uhgxflqj
lqwhujhqhudwlrqdo uhglvwulexwlrq1 D qxphulfdo looxvwudwlrq ri wkh wkhruhwlfdo uhvxowv lv surylghg
lq vhfwlrq :1 Ilqdoo|/ vhfwlrq ; frqfoxghv zlwk d eulhi vxppdu| ri wkh pdlq uhvxowv1
5W k h p r g h o
Wdeoh 4 suhvhqwv wkh prgho1 Iru dq hoderudwh ghvfulswlrq ri wkh prgho/ zh uhihu wr EK1
Htxdwlrqv +W414,0+W417, uhsuhvhqw wkh g|qdplf sduw ri wkh prgho1 Djjuhjdwh frqvxpswlrq
hyroyhv dffruglqj wkh djjuhjdwh Hxohu htxdwlrq +W414,1 Wkh uvw whup dw wkh uljkw0kdqg vlgh
ri wklv htxdwlrq ghqrwhv lqglylgxdo frqvxpswlrq jurzwk/ zkloh wkh vhfrqg whup lqglfdwhv krz
wkh uhsodfhphqw ri roghu jhqhudwlrqv e| |rxqjhu jhqhudwlrqv uhgxfhv djjuhjdwh frqvxpswlrq
jurzwk +vhh dovr EK,1 Wkh ghyhorsphqw ri vwrfnv ri djjuhjdwh sk|vlfdo fdslwdo/ jryhuqphqw
ghew/ dqg hqylurqphqwdo txdolw| duh ghvfulehg e|/ uhvshfwlyho|/ +W415,/ +W416,/ dqg +W417,1
Wkh vwdwlf sduw ri wkh prgho lv uhsuhvhqwhg e| htxdwlrqv +W418,0+W41:,1 +W418, prghov wkh
djjuhjdwh qhw surgxfwlrq ixqfwlrq/ dqg wkh pdujlqdo surgxfwlylw| frqglwlrqv duh jlyhq e|
+W419, dqg +W41:,1 Lq frqwudvw wr EK/ sxeolf dedwhphqw +J+w,, lv lqfoxghg lq wkh prgho1
Sxeolf dedwhphqw lv dqrwkhu xvh ri rxwsxw lq +W415,/ hqwhuv wkh jryhuqphqw exgjhw frqvwudlqw
+W416,/ dqg uhgxfhv hplvvlrqv dffruglqj wr +W417,1
Lq wkh devhqfh ri sxeolf ghew/ rqo| irxu ixqgdphqwdo sdudphwhuv ixoo| fkdudfwhulvh wkh
prgho1 Wklv plqlpdo vhw frqvlvwv ri wkh suredelolw| ri ghdwk/   3/ wkh udwh ri wlph suhihuhqfh/
A3/ wkh lqlwldo vwhdg|0vwdwh vkduh ri jryhuqphqw vshqglqj rq dedwhphqw lq lqfrph/ $C/
dqg wkh qhw lqfrph vkduh ri oderxu/ u1 Rqfh wkhvh sdudphwhuv duh nqrzq/ wkh vwhdg|0
vwdwh fdslwdo0rxwsxw udwlr +N@\ ,/ wkh lqwhuhvw udwh +u,/ dqg wkh vkduh ri kxpdq zhdowk lq
wrwdo zhdowk +$M  K@+K . N,, duh xqltxho| ghwhuplqhg1 Lw lv riwhq xvhixo/ iru hdvh ri
lqwhusuhwdwlrq/ wr zulwh u @ .+4$M,/ vr wkdw zh fdq h{suhvv wkh prgho lq whupv ri / /
$C/d q gu lqvwhdg1 Wklv dovr vkrzv pruh fohduo| wkdw lq wkh vshfldo fdvh ri lqqlwh krul}rqv
+l1h1  @3 , wkh vwhdg|0vwdwh lqwhuhvw udwh lv {hg e| wkh glvfrxqw udwh1
Sursrvlwlrq 4 Dvvxph $C ? u1 D vwdeoh orqj0uxq htxloleulxp h{lvwv wr +W414,0+W41:,1
Wklv htxloleulxp lv g|qdplfdoo| h!flhqw17 Wkh htxloleulxp lqwhuhvw udwh vdwlvhv ?u? ./
dqg ghshqgv rq wkh ixqgdphqwdo sdudphwhuv dffruglqj wr= gu@g A 3/ 3 ? gu@g ? 4/
gu@g$C A 3/ dqg gu@gu ? 31 Surri= Vhh Eryhqehuj dqg Khlmgud +4<<<,1
Wr dqdo|}h wkh prgho/ zh orj0olqhdulvh wkh ydulrxv htxdwlrqv durxqg wkh lqlwldo vwhdg|
vwdwh1 Wdeoh 5 frqwdlqv wkh orj0olqhdulvhg prgho zkhuh wkh lqlwldo vwrfn ri ghew lv dvvxphg wr
7D g|qdplfdoo| h!flhqw htxloleulxp lv dq htxloleulxp lq zklfk wkh lqwhuhvw udwh h{fhhgv wkh jurzwk udwh
ri wkh hfrqrp|1 Wklv frqglwlrq hqvxuhv wkdw uhgxflqj fdslwdo dffxpxodwlrq lv qrw Sduhwr zhoiduh lpsurylqj1
Krzhyhu/ wklv frqglwlrq lv qrw vx!flhqw iru hqvxulqj d uvw0ehvw htxloleulxp1 Lqghhg/ wkh h!flhqf| frqglwlrq
wkdw pdujlqdo frvwv ri sxeolf dedwhphqw htxdo pdujlqdo ehqhwv lv qrw qhfhvvdulo| phw lq wkh lqlwldo htxloleulxp1
7Wdeoh 4= Wkh prgho lq ohyhov
b F+w,@^ u+w,  `F+w,  + . ,^N+w,.E+w,` +W414,
b N+w,@\ +w,  F+w,  J+w, +W415,











E+w, jryhuqphqw ghew  udwh ri wlph suhihuhqfh
F+w, djjuhjdwh frqvxpswlrq  eluwk udwh
H+w, hqylurqphqwdo txdolw| f surgxfwlylw| sdudphwhu
J+w, sxeolf dedwhphqw u surgxfwlrq vkduh ri oderxu
N+w, fdslwdo vwrfn
u+w, udwh ri lqwhuhvw Qrwdwlrq=
W+w, oxps0vxp wd{hv b {+w,  g{+w,@gw
Z+w, zdjh udwh
\ +w, qhw djjuhjdwh rxwsxw
eh }hur1 D yduldeoh zlwk d wlogh +, lv jhqhudoo| ghqhg dv wkh shu0xqlw ghyldwlrq iurp wkh
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Wkh frpelqdwlrq ri d wlogh dqg d grw uhsuhvhqw wkh wlph udwh ri fkdqjh lq whupv ri wkh lqlwldo
ohyho1 Sursrvlwlrq 5 vxppdulvhv vrph uhvxowv wkdw zloo suryh xvhixo lq wkh uhvw ri wkh sdshu1
Sursrvlwlrq 5 Wkh orj0olqhdul}hg prgho ihdwxuhv fkdudfwhulvwlf urrwv uW A 3 dqg kW ? 31
Wkh xqvwdeoh urrw vdwlvhv uW A. u dqg wkh vwdeoh urrw vdwlvhv kW ?u + . ,1 Surri=
Vhh Eryhqehuj dqg Khlmgud +4<<<,1
Iljxuh 4 gudzv wkh skdvh gldjudp dvvrfldwhg zlwk wkh prgho1 Zlwk lqqlwh krul}rqv +l1h1
 @3 ,/ wkh b F @3dqg b N @3olqhv lqwhuvhfw lq srlqw D1 Wkh vwhdg|0vwdwh fdslwdo vwrfn lv jlyhq
e| Ng-/ zklfk lv wkh Nh|qhv0Udpvh| fdslwdo vwrfn iru zklfk wkh uhdo udwh ri lqwhuhvw htxdov
w k hs x u hu d w hr iw l p hs u h i h u h q f h+ l 1 h 1 /u @ C\@CN @ ,1 Li olyhv duh qlwh +A3,/ wkh b F @3
olqh lv xszdug vorslqj zlwk d yhuwlfdo dv|pswrwh dw N @ Ng-1W k hb F @3dqg b N @3olqhv
|lhog d xqltxh/ vdggoh0srlqw vwdeoh htxloleulxp +srlqw Hf,/ zklfk ghqhv wkh Eodqfkdug0\ddul
8Wdeoh 5= Wkh orj0olqhdulvhg prghoW
b  F+w,@u u+w,.+ u  ,
k








 \ +w,  $F  F+w,   J+w,
l
+W515,
 E+w,.  J+w,@ W+w,.u￿4 b  E+w, +W516,
+4@H, b  H+w,@  H+w,  N  N+w,.J  J+w, +W517,
 \ +w,@+ 4 O,  N+w, +W518,
 Z+w,@ \ +w, +W519,
 u+w,@O  N+w, +W51:,
Lqlwldo vkduhv dqg hodvwlflwlhv=
u ZO@\ @ Z@\ vkduh ri oderxu lqfrph lq qhw rxwsxw
$￿ F@\ vkduh ri sulydwh frqvxpswlrq lq qhw rxwsxw
. i. vshhg ri uhjhqhudwlrq ri wkh hqylurqphqw
g igN@i.H vwhdg|0vwdwh hodvwlflw| ehwzhhq H dqg N
C iC\@i.H vwhdg|0vwdwh hodvwlflw| ehwzhhq H dqg J
 Lqlwldo ghew lv dvvxphg wr eh }hur= +E @3 ,
ohyho ri wkh fdslwdo vwrfn/ N￿t1L i J lv lqfuhdvhg/ wkh b N @3olqh vkliwv grzq krul}rqwdoo|
+vhh wkh gdvkhg olqh lq Iljxuh 4,1 Dv d uhvxow/ wkh htxloleulxp srlqw Hf vkliwv grzq dqg wr
wkh ohiw1
6 Udlvlqj sxeolf dedwhphqw
Wklv vhfwlrq h{soruhv wkh hhfwv ri udlvlqj sxeolf dedwhphqw1 Wkh kljkhu ohyho ri dedwhphqw
lv skdvhg lq hlwkhu judgxdoo| ru lq dq deuxsw idvklrq1 Zh qrupdolvh wlph vr wkdw wkh xqdqwlf0
lsdwhg srolf| vkrfn rffxuv dw wlph w @3 18 Wkh vkrfn wdnhv wkh iroorzlqj vkdsh=
 J+w,@D + C>w,  J> +4,
zkhuh C A 3 dqg D+C>w,  4  h31C| lv d vlqjoh dgmxvwphqw whup zlwk D+C>3, @
4  olp|3<" D+C>w,@3 1I x u w k h u p r u h / gD+C>w,@gw  3 +Vhh Ohppd D14 lq Eryhqehuj
dqg Khlmgud +4<<<,,1 Li C $4 / wkh vkrfn lv lqwurgxfhg lqvwdqwdqhrxvo|> dqqrxqfhphqw dqg
lpsohphqwdwlrq frlqflgh vr wkdw dqwlflsdwlrq hhfwv duh devhqw1 Li C lv qlwh/ lpsohphqwd0
wlrq rffxuv rqo| judgxdoo| diwhu dqqrxqfhphqw/ zklfk jlyhv ulvh wr dqwlflsdwlrq hhfwv1 Wkh
8Wkh uhdghu lv uhihuuhg wr Eryhqehuj dqg Khlmgud +4<<<,/ zklfk lv dydlodeoh rq uhtxhvw/ iru d ghvfulswlrq ri





















Iljxuh 4= Htxloleulxp dqg vwdelolw|
frqvlghudwlrq ri dqwlflsdwhg srolf| vkrfnv lv lpsruwdqw ehfdxvh lq sudfwlfh srolf| fkdqjhv duh
uduho| frpsohwho| xqdqwlflsdwhg1
Wklv vhfwlrq dqg vhfwlrqv 7 dqg 8 dvvxph wkdw wkh sxeolf exgjhw lv edodqfhg dw hdfk srlqw lq
wlph e| dgmxvwlqj oxps0vxp wd{hv1 Khqfh/ lqvwlwxwlrqdo frqvwudlqwv suhyhqw wkh jryhuqphqw
iurp xvlqj sxeolf ghew srolf|19 Vhfwlrq 9 frqvlghuv wkh fdvh lq zklfk wkh jryhuqphqw fdq
hpsor| sxeolf ghew wr doohyldwh wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv ri hqylurqphqwdo
srolf|1
614 Fdslwdo dffxpxodwlrq dqg sulydwh frqvxpswlrq
Wkh lqfuhdvh lq sxeolf dedwhphqw lv qdqfhg wkurxjk kljkhu oxps0vxp wd{hv1 Wkh kljkhu
wd{hv uhgxfh wkh ydoxh ri kxpdq fdslwdo1 Dv d uhvxow ri wkh qhjdwlyh zhdowk hhfw/ sulydwh
frqvxpswlrq idoov dw lpsdfw=
 F+3, @
C ^uW  +u  ,`  J
uW+uW . C,$￿
? 3= +5,















Li wkh srolf| lv lqwurgxfhg deuxswo| +C $4 /d q g J+3, @  J,/ sulydwh lqyhvwphqw ghfolqhv
xqohvv wkh eluwk udwh lv }hur +l1h1  @3vr wkdw u @ , 1 Z l w kd { h gf d s l w d ov w r f nd q g
khqfh {hg rxwsxw vxsso| lq wkh vkruw uxq/ wkh ulvh lq sxeolf dedwhphqw furzgv rxw sulydwh
9Lqghhg/ pdq| frxqwulhv ihdwxuh uhvwulfwlrqv rq sxeolf ghew dqg vfdo ghflwv1 Lq wkh HPX frxqwulhv/ iru
h{dpsoh/ wkh Jurzwk dqg Vwdelolw| Sdfw frqvwudlqv vfdo ghflwv1
:lqyhvwphqw ehfdxvh wkh vkruw0uxq gurs lq sulydwh frqvxpswlrq lv qrw vx!flhqwo| odujh wr
rvhw wkh lqfuhdvh lq sxeolf dedwhphqw1 Wkh uhodwlyho| vpdoo gurs lq sulydwh frqvxpswlrq
ruljlqdwhv lq lqwhujhqhudwlrqdo glvwulexwlrq lq idyrxu ri fxuuhqw jhqhudwlrqv +vhh ehorz,1 Wkhvh
lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv duh devhqw li wkh eluwk udwh lv }hur1 Lq wkdw fdvh/
wkhuhiruh/ sulydwh frqvxpswlrq ghfolqhv vx!flhqwo| wr rvhw wkh ulvh lq sxeolf dedwhphqw vr
wkdw sulydwh lqyhvwphqw uhpdlqv frqvwdqw1
Li wkh vkrfn lv qrw |hw lpsohphqwhg dw w @3dqg wkxv rqo| dqwlflsdwhg dw wkdw wlph
+l1h1/  J+3, @ 3 vlqfh C ? 4,/ fdslwdo dffxpxodwlrq ulvhv udwkhu wkdq idoov lqlwldoo| +vlqfh
uW Au. Au ,1 Wkh uhdvrq lv wkdw krxvhkrogv dgmxvw wkhlu frqvxpswlrq grzqzdug
lq dqwlflsdwlrq ri wkh ixwxuh oxps0vxp wd{hv wkdw zloo eh uhtxluhg wr qdqfh wkh dgglwlrqdo
ixwxuh sxeolf vshqglqj1 Lq wkh vkruw uxq/ wklv ohdyhv pruh urrp iru sulydwh lqyhvwphqw dv wkh
lqfuhdvh lq sxeolf vshqglqj wdnhv hhfw rqo| lq wkh ixwxuh1 Lqwxlwlyho|/ vkruw0whup lqyhvwphqw
ulvhv ehfdxvh/ lq frqwudvw wr wkh jryhuqphqw/ frqvxphuv sudfwlfh frqvxpswlrq vprrwklqj +vhh
dovr Mxgg +4<;8,,1
Dv wlphv jrhv e|/ krzhyhu/ sxeolf dedwhphqw ulvhv dqg wkh dgglwlrqdo sxeolf ghpdqg vwduwv
wr furzg rxw sulydwh lqyhvwphqw1 Hyhqwxdoo|/ wkh fdslwdo vwrfn idoov wr d orzhu ohyho wkdq ehiruh
wkh srolf| vkrfn1 Lq sduwlfxodu/ wkh vwrfn ri fdslwdo iroorzv wkh iroorzlqj wlph sdwk=
 N+w,@D + kW>w,  N+4,.

u^u   . C`
+4  u,+uW . C,

W+kW>C>w,  J> +7,
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uu$￿ .+u  $C,+u  ,

 J  3= +8,
Wkh uvw whup rq wkh uljkw0kdqg vlgh ri +7, uhsuhvhqwv wkh wudqvlwlrq sdwk dvvrfldwhg zlwk d
shupdqhqw xqdqwlflsdwhg vkrfn1 Wkh whup lqyroylqj wkh vlqjoh wudqvlwlrq whup W+kW>C>w,
ghvfulehv wkh prglfdwlrqv wr wkh wudqvlwlrq sdwk gxh wr wkh judgxdo lqwurgxfwlrq ri wkh vkrfn
+3 ? C 4 ,1 Wkh vlqjoh wudqvlwlrq whup lv ehoo0vkdshg/ }hur dw lpsdfw dqg lq wkh orqj
uxq/ dqg srvlwlyh gxulqj wkh wudqvlwlrq +vhh Ohppd D15 lq Eryhqehuj dqg Khlmgud +4<<<,,1
Lw ydqlvkhv li wkh vkrfn lv dssolhg deuxswo| +l1h1 C $4 ,1 D orz ydoxh ri C lpsolhv wkdw
wkh vkrfn lv dssolhg rqo| vorzo|1 Wkh dvvrfldwhg dqwlflsdwlrq hhfwv jlyh ulvh wr d idoo lq
sulydwh frqvxpswlrq lq dgydqfh ri wkh ulvh lq sxeolf dedwhphqw1 Wkh dvvrfldwhg furzglqj lq
ri lqyhvwphqw surgxfhv d whpsrudu| ulvh lq wkh vwrfn ri sulydwh fdslwdo/ zklfk lv uh hfwhg lq
wkh odvw whup dw wkh uljkw0kdqg vlgh ri +7,1
:Vdggoh0srlqw vwdelolw| hqvxuhv wkdw wkh ghqrplqdwru ri wklv h{suhvvlrq lv srvlwlyh1
;Htxdwlrq +8, vkrzv wkdw wkh orqj0uxq hhfw ri dgglwlrqdo dedwhphqw rq wkh fdslwdo vwrfn
lv qhjdwlyh/ xqohvv djhqwv duh lqqlwho| olyhg/ lq zklfk fdvh  @3dqg u @ 1 Dovr/ orqj0uxq




+u   . uu,
uu$￿ .+ u  $C,+u  ,

 J?3=
Lq fdvh ri d }hur eluwk udwh/ sulydwh frqvxpswlrq pdnhv vx!flhqw urrp iru wkh dgglwlrqdo
sxeolf vshqglqj vr wkdw fdslwdo dffxpxodwlrq lv qrw dhfwhg +frpsduh Mxgg +4<;8,,1 Li wkh
eluwk udwh lv srvlwlyh/ krzhyhu/ sulydwh frqvxpswlrq grhv qrw ghfolqh vx!flhqwo| wr suhyhqw
sulydwh lqyhvwphqw iurp ehlqj furzghg rxw e| dgglwlrqdo sxeolf ghpdqg1 Wkh uhvxowlqj gurs
lq sulydwh lqyhvwphqw kdupv fdslwdo dffxpxodwlrq1 Wkh surgxfwlrq fdsdflw| wkhuhiruh ghfolqhv
judgxdoo| ryhu wlph1 Dffruglqjo|/ lq wkh orqj uxq/ frqvxpswlrq lv furzghg rxw e| pruh wkdq
rqh kxqguhg shufhqw1
Wkh lqwhuwhpsrudo uhdoorfdwlrq ri djjuhjdwh frqvxpswlrq dzd| iurp wkh ixwxuh wrzdugv
wkh suhvhqw ruljlqdwhv lq lqwhujhqhudwlrqdo uhglvwulexwlrq1 Wkh kljkhu oxps0vxp wd{hv dprxqw
wr wd{hv rq kxpdq fdslwdo1 Wkhvh wd{hv lpsrvh d khdylhu exughq +lq xwlolw| whupv, rq |rxqjhu
jhqhudwlrqv wkdq rq roghu jhqhudwlrqv ehfdxvh wkh |rxqjhu jhqhudwlrqv uho| pruh khdylo| rq
kxpdq fdslwdo dqg ohvv rq qdqfldo fdslwdo wr qdqfh wkhlu frqvxpswlrq1 Pruh vshflfdoo|/
dw dq| wlph wA3/ wkh |rxqjhu jhqhudwlrqv zkr zhuh eruq diwhu wkh srolf| vkrfn +dw w @3 ,
uho| pruh rq kxpdq fdslwdo wkdq wkh roghu jhqhudwlrqv zkr zhuh douhdg| dolyh dw w @3 1
Wkhvh ixwxuh/ |rxqjhu jhqhudwlrqv wkxv ehdu prvw ri wkh exughq ri qdqflqj wkh dgglwlrqdo
sxeolf vshqglqj1 Wkh lqwhujhqhudwlrqdo uhglvwulexwlrq lq idyrxu ri fxuuhqw jhqhudwlrqv errvwv
djjuhjdwh frqvxpswlrq lq wkh vkruw uxq/ wkhuhe| kduplqj lqyhvwphqw1 Wkh wudqvlwlrq sdwk
iru frqvxpswlrq lv jlyhq e|=
 F+w,@  F+3,^4  D+kW>w,` . D+kW>w,  F+4,.

u^u   . uu`
+4  u,+uW . C,

W+kW>C>w,  J= +9,
Wkh skdvh gldjudp iru frqvxpswlrq dqg wkh fdslwdo vwrfn/ zklfk lv frqwdlqhg lq Iljxuh
5/ looxvwudwhv wkh wudqvlwlrq wrzdugv d qhz vwhdg| vwdwh1 Wkh LV fxuyh uhsuhvhqwv doo srlqwv
iru zklfk wkh jrrgv pdunhw lv lq htxloleulxp zlwk d frqvwdqw fdslwdo vwrfn1 Wkh PNU fxuyh
vwdqgv iru wkh prglhg Nh|qhv0Udpvh| uxoh/ l1h1/ wkh vwhdg|0vwdwh djjuhjdwh Hxohu htxdwlrq
prglhg iru wkh suhvhqfh ri ryhuodsslqj jhqhudwlrqv1 Lq whupv ri Iljxuh 5/ wkh lqfuhdvh lq
jryhuqphqw vshqglqj vkliwv wkh LV fxuyh grzq iurp LVf wr LV￿1 Wklv fdxvhv wkh orqj0uxq
htxloleulxp wr vkliw iurp Hf wr H￿1 Khqfh/ erwk orqj0uxq frqvxpswlrq dqg wkh orqj0uxq
fdslwdo vwrfn gurs1 Wkh duurzv ghqrwh wkh g|qdplf irufhv dvvrfldwhg zlwk wkh rog htxloleulxp
Hf/ zkloh VS uhsuhvhqwv wkh vdggoh sdwk dvvrfldwhg zlwk wkh qhz htxloleulxp H￿1
Li wkh srolf| lv lqwurgxfhg lqvwdqwdqhrxvo| +C $4 ,/ wkh hfrqrp| mxpsv dw wlph wf @3
iurp Hf wr D +ghvfulehg e| htxdwlrq +5,, rqwr wkh vdggoh sdwk/ diwhu zklfk judgxdo dgmxvwphqw






















Iljxuh 5= Pdfurhfrqrplf hhfwv ri sxeolf dedwhphqw
wklv sdwk1 Li wkh srolf| lv lqwurgxfhg judgxdoo| +C qlwh,/ dqwlflsdwlrq hhfwv duh uhohydqw1
Khxulvwlfdoo|/ wkh dgmxvwphqw sdwk ehfrphv pruh olnh wkdw dvvrfldwhg zlwk d sxuh dqwlflsdwhg
deuxsw vkrfn/; l1h1/ uvw/ dw dqqrxqfhphqw wlph wf @3 /w k hm x p si u r pH f wr E> vhfrqg/
ehwzhhq dqqrxqfhphqw dqg lpsohphqwdwlrq wlph/ judgxdo pryhphqw iurp E wr F rq wkh
qhz vdggoh sdwk dffruglqj wr wkh g|qdplf irufhv dvvrfldwhg zlwk wkh rog htxloleulxp> dqg
qdoo|/ diwhu lpsohphqwdwlrq/ judgxdo pryhphqw dorqj wkh vdggoh sdwk dvvrfldwhg zlwk wkh
qhz htxloleulxp iurp F wr H￿1 Wkh pruh judgxdoo| wkh srolf| lv lqwurgxfhg +l1h1/ wkh orzhu lv
C,/ wkh pruh wkh dfwxdo dgmxvwphqw sdwk uhsuhvhqwv wkh sdwk dvvrfldwhg zlwk dq dqwlflsdwhg
deuxsw srolf| fkrfn1 Dovr wkh vl}h ri wkh mxps iurp Hf wr E lv gluhfwo| uhjxodwhg e| wkh ydoxh
ri C +vhh dovr htxdwlrq +5,,1
Iljxuh 5 wkxv frqupv wkdw/ lq wkh fdvh ri dq dqwlflsdwhg srolf| vkrfn/ wkh dgmxvwphqw
ri wkh fdslwdo vwrfn lv qrq0prqrwrqlf dv wkh g|qdplf irufhv ri wkh rog htxloleulxp grplqdwh
lpphgldwho| diwhu wkh lqvwdqwdqhrxv idoo lq frqvxpswlrq gxh wr wkh dqwlflsdwlrq ri d kljkhu
wd{ ohyho1 Wkh g|qdplf irufhv lq Iljxuh 5 vkrz dovr wkdw wkh dgmxvwphqw sdwk iru frqvxpswlrq
pxvw eh prqrwrqlf1 D vlpsoh dssolfdwlrq ri wkh lqlwldo ydoxh wkhruhp frqupv wklv iru wkh
lqlwldo ghyhorsphqw ri frqvxpswlrq=
b  F+3, @ 








Wkh lqwhujhqhudwlrqdo uhglvwulexwlrq lq idyrxu ri fxuuhqw/ roghu jhqhudwlrqv dqg dw wkh h{0
shqvh ri ixwxuh/ |rxqjhu jhqhudwlrqv fdxvhv frqvxpswlrq wr idoo ryhu wlph1 Rqo| li d }hur
e l u w ku d w h+ z k l f kl p s o l h vw k d wu @ , h{foxghv lqwhujhqhudwlrqdo uhglvwulexwlrq grhv qrw frq0
vxpswlrq ghfolqh ixuwkhu diwhu dq lqlwldo gurs1 Lq wkdw odwwhu fdvh/ frqvxpswlrq vprrwklqj
;Vxfk d vkrfn lv ghqhg dv wkh duulydo ri qhzv frqfhuqlqj wkh lqvwdqwdqhrxv lqwurgxfwlrq ri wkh srolf| dw
vrph wlph lq wkh ixwxuh +l1h1 d vwhs ixqfwlrq,1
43e| d uhsuhvhqwdwlyh/ lqqlwho|0olyhg krxvhkrog lpsolhv wkdw djjuhjdwh frqvxpswlrq uhpdlqv
frqvwdqw1
Sursrvlwlrq 6 vkrzv wkdw wkh +qrq0, prqrwrqlflw| uhvxowv h{whqg wr wkh hqwluh dgmxvwphqw
sdwkv iru fdslwdo dqg frqvxpswlrq1
Sursrvlwlrq 6 Wkh vroxwlrq sdwkv iru frqvxpswlrq dqg wkh fdslwdo vwrfn +uhsuhvhqwhg e|/
uhvshfwlyho|/ +7, dqg +9,, vdwlvi| wkh iroorzlqj surshuwlhv= +l, Wkh dgmxvwphqw sdwk ri wkh
fdslwdo vwrfn fdqqrw eh prqrwrqlf xqohvv wkh xqdqwlflsdwhg srolf| lv lqwurgxfhg deuxswo| +C $
4,1 +ll, Diwhu dq lqlwldo gurs dw wkh wlph ri wkh srolf| vkrfn/ djjuhjdwh frqvxpswlrq ghfolqhv
ixuwkhu lq d prqrwrqlf idvklrq xqohvv wkh eluwk udwh lv }hur1 Lq wkh odwwhu fdvh/ frqvxpswlrq
uhpdlqv frqvwdqw diwhu wkh lqlwldo gurs1 Surri= Vhh Eryhqehuj dqg Khlmgud +4<<<,1
Wkhvh pdfurhfrqrplf hhfwv ri kljkhu sxeolf dedwhphqw fdq eh frpsduhg wr wkh fruuh0
vsrqglqj hhfwv ri wkh dowhuqdwlyh hqylurqphqwdo srolf| ri kljkhu srooxwlrq wd{hv dqdo|}hg
lq EK1 Lq frqgxfwlqj wklv frpsdulvrq/ zh uhvwulfw rxuvhoyhv wr deuxswo| lqwurgxfhg srolflhv
+C $4 , ehfdxvh EK h{soruh rqo| xqdqwlflsdwhg srolf| vkrfnv1 Erwk srolflhv furzg rxw
fdslwdo dffxpxodwlrq exw iru glhuhqw uhdvrqv1 Sxeolf dedwhphqw ghsuhvvhv djjuhjdwh vdylqj
ehfdxvh ri lqwhujhqhudwlrqdo uhglvwulexwlrq lq idyrxu ri fxuuhqw jhqhudwlrqv1 Wkh srooxwlrq wd{
kdupv vdylqj wkurxjk lqwhuwhpsrudo vxevwlwxwlrq hhfwv1 Dffruglqjo|/ lq frqwudvw wr sxeolf
dedwhphqw/ wkh srooxwlrq wd{ furzgv rxw fdslwdo dffxpxodwlrq hyhq li wkh eluwk udwh lv }hur
vr wkdw lqwhujhqhudwlrqdo uhglvwulexwlrq lv devhqw1 Pruh jhqhudoo|/ lqwhuwhpsrudo vxevwlwxwlrq
hhfwv whqg wr jhqhudwh vwurqjhu hhfwv rq djjuhjdwh vdylqj wkdq lqwhujhqhudwlrqdo uhglvwulex0
wlrq grhv +vhh vxe0vhfwlrq 81516 dqg vhfwlrq : ehorz,1 Khqfh/ frpsduhg wr sxeolf dedwhphqw/
wkh srooxwlrq wd{ jhqhudoo| lpsolhv pruh furzglqj rxw ri sk|vlfdo fdslwdo1
Wkh srolflhv glhu lq wkhlu lpsdfwv rq lqlwldo sulydwh frqvxpswlrq1< Wkh srooxwlrq wd{
udlvhv lqlwldo frqvxpswlrq dv krxvhkrog lqwhuwhpsrudoo| vxevwlwxwh wkhlu frqvxpswlrq iurp
wkh ixwxuh wr wkh suhvhqw1 Sxeolf dedwhphqw/ lq frqwudvw/ ghsuhvvhv lqlwldo frqvxpswlrq gxh
wr dgyhuvh hhfwv rq sulydwh lqfrphv1 Lqghhg/ zkhuhdv wkh srooxwlrq wd{ phuho| uhdoorfdwhv
sulydwh frqvxpswlrq ryhu wlph/ sxeolf dedwhphqw gluhfwo| devruev sulydwh uhvrxufhv e| wudqv0
ihuulqj uhvrxufhv iurp wkh sulydwh wr wkh sxeolf vhfwru1
615 Idfwru sulfhv
Zh qrz wxuq wr wkh hhfwv rq wkh hduqlqjv rq sk|vlfdo fdslwdo +l1h1 wkh udwh ri lqwhuhvw,
dqg kxpdq fdslwdo +l1h1/ diwhu0wd{ zdjhv ghqhg dv wkh glhuhqfh ehwzhhq jurvv zdjhv dqg
oxps0vxp wd{hv,1 Vxevwlwxwlqj wkh vroxwlrq iru wkh fdslwdo vwrfn +7, lqwr htxdwlrq +W51:, iurp
<Lq wkh orqj uxq/ krzhyhu/ erwk srolflhv ghsuhvv sulydwh frqvxpswlrq1 Wkh srooxwlrq wd{ kdupv orqj0uxq
sulydwh frqvxpswlrq gxh wr lqwhuwhpsrudo vxevwlwxwlrq1 Sxeolf dedwhphqw uhgxfhv sulydwh frqvxpswlrq lq erwk
wkh vkruw uxq dqg wkh orqj uxq rq dffrxqw ri d qhjdwlyh lqfrph hhfw +vhh pdlq wh{w,1
44Wdeoh 5/ zh duulyh dw wkh iroorzlqj wlph sdwk ri wkh lqwhuhvw udwh=
 u+w,@uD+kW>w,  N+4, 

uu ^u   . C`
+4 u,+uW . C,

W+kW>C>w,  J= +:,
Zkhq wkh dedwhphqw srolf| lv dqqrxqfhg dw wlph w @3 / wkh fdslwdo vwrfn dqg khqfh wkh udwh
ri uhwxuq rq sk|vlfdo fdslwdo duh {hg1 Frqvhtxhqwo|/ wkh hqwluh exughq ri wkh oxps0vxp wd{
lv eruqh e| oderxu +vhh ehorz,1 Li wkh srolf| lv dgrswhg judgxdoo|/ wkh fdslwdo vwrfn ulvhv dw
uvw vr wkdw wkh lqwhuhvw udwh idoov lqlwldoo|1 Dv wlph hodsvhv/ krzhyhu/ wkh ghfxpxodwlrq ri wkh
fdslwdo vwrfn fdxvhv wkh udwh ri uhwxuq wr ulvh1 E| vxevwlwxwlqj wkh vwhdg|0vwdwh fdslwdo vwrfn




uu$￿ .+ u  $C,+u  ,

 J  3=
Lq wkh suhvhqfh ri ryhuodsslqj jhqhudwlrqv +zklfk lpsolhv uA ,/ wkh orqj0uxq udwh ri uhwxuq
rq sk|vlfdo fdslwdo h{fhhgv lwv lqlwldo vwhdg|0vwdwh htxloleulxp ydoxh1 Wkxv/ fdslwdo rzqhuv duh
dfwxdoo| ehwwhu r lq wkh orqj uxq dv d uhvxow ri wkh kljkhu oxps0vxp wd{hv1 Zlwk lqqlwho|0
olyhg djhqwv +l1h1  @3dqg u @ / vhh Mxgg/ 4<;8,/ krzhyhu/ wkh orqj0uxq lqwhuhvw udwh lv
{hg e| wkh h{rjhqrxvo| jlyhq udwh ri wlph suhihuhqfh/ 1
Diwhu0wd{ zdjhv +qhw ri oxps0vxp wd{hv/ l1h1 Z￿+w,  Z+w,W+w,, pluuru wkh ehkdylrxu
ri wkh lqwhuhvw udwh1 E| hpsor|lqj  Z+w,@+ 4  u,  N+w, +iurp +W518, dqg +W519,, dqg
 W+w,@  J+w, +iurp +W516,,/ zh qg iru wkh diwhu0wd{ zdjh udwh=
 Z￿+w,@u+4  u,  N+w,   J+w,> +;,
zkhuh  Z￿+w,  gZ ￿+w,@\ @ u  Z+w,   J+w,1 Wkh uvw whup dw wkh uljkw0kdqg vlgh ri +;,
uhsuhvhqwv wkh srvlwlyh hhfw ri wkh fdslwdo vwrfn rq wkh pdujlqdo surgxfw ri oderxu dqg
khqfh wkh ehiruh0wd{ zdjh udwh/ zkloh wkh vhfrqg whup rq wkh uljkw0kdqg vlgh vwdqgv iru wkh
ghwulphqwdo hhfw ri kljkhu oxps0vxp wd{hv rq wkh qhw zdjh1 Rq lpsdfw/ kljkhu oxps0vxp
wd{hv uhgxfh diwhu0wd{ zdjhv/ xqohvv wkh srolf| lv lqwurgxfhg judgxdoo| +l1h1  J+ 3 ,@3 ,l q
zklfk fdvh  Z￿+ 3 ,@3 1 Dowkrxjk jurvv zdjhv pd| ulvh lqlwldoo| li wkh srolf| lv lqwurgxfhg
judgxdoo|/ wkh hyhqwxdo hurvlrq ri wkh fdslwdo vwrfn sxwv zdjhv rq d grzqzdug sdwk1 E| xvlqj
+;, dqg +8,/ zh fdq ghulyh wkdw=
 Z￿+4,@

^u  $C .+ 4 u,u`+u  ,.uu$￿
uu$￿ .+ u  $C,+u  ,

 J?3=
Hyhq lq wkh devhqfh ri ryhuodsslqj jhqhudwlrqv/ orqj0uxq zdjhv ghfolqh dv d uhvxow ri wkh
oxps0vxp wd{hv qhhghg wr qdqfh wkh dgglwlrqdo sxeolf dedwhphqw1
Frpsduhg wr sxeolf dedwhphqw/ wkh srooxwlrq wd{ |lhogv udwkhu glhuhqw lqlwldo hhfwv rq
idfwru sulfhv1 Lq sduwlfxodu/ zkhuhdv sxeolf dedwhphqw dfwv olnh d wd{ rq kxpdq fdslwdo/ wkh
srooxwlrq wd{ lqlwldoo| vxevlgl}hv kxpdq fdslwdo dv wkh uhyhqxhv iurp wkh srooxwlrq wd{ duh
uhf|fohg dv kljkhu oxps0vxp wudqvihuv1 Lq wkh orqj uxq/ krzhyhu/ oderxu sd|v iru qrw rqo|
45sxeolf dedwhphqw exw dovr wkh qrq0hqylurqphqwdo frvwv ri wkh srooxwlrq wd{ li ryhuodsslqj
jhqhudwlrqv duh devhqw +l1h1 wkh eluwk udwh lv }hur,1 Wkh uhdvrq lv wkdw lq wkdw fdvh wkh diwhu0
wd{ udwh ri uhwxuq lv {hg e| wkh udwh ri wlph suhihuhqfh +l1h1 u @ ,1 Khqfh/ fdslwdo fdq vkliw
wkh hqwluh orqj0uxq exughq ri wkh srooxwlrq wd{ wr oderxu e| ghsuhvvlqj oderxu surgxfwlylw|
dqg wkxv ehiruh0wd{ zdjhv1 Lq wkh suhvhqfh ri ryhuodsslqj jhqhudwlrqv/ wkh hhfwv rq fdslwdo
hduqlqjv ri wkh wzr dowhuqdwlyh hqylurqphqwdo srolflhv duh txlwh glhuhqwhyhq lq wkh orqj uxq1
Zkhuhdv sxeolf dedwhphqw errvwv wkh orqj0uxq udwh ri uhwxuq/ wkh srooxwlrq wd{ ghsuhvvhv
wkh diwhu0wd{ udwh ri uhwxuq1 Dffruglqjo|/ zkhuhdv wkh qrq0hqylurqphqwdo frvwv ri sxeolf
dedwhphqw duh pruh wkdq ixoo| uh hfwhg lq wkh ydoxh ri kxpdq fdslwdo/ fdslwdo hduqlqjv vkduh
lq wkh qrq0hqylurqphqwdo exughq ri wkh srooxwlrq wd{1 Lqghhg/ sxeolf dedwhphqw vxevlgl}hv
fdslwdo rzqhuv zkloh d srooxwlrq wd{ wd{hv wkhp1
7 Wkh hqylurqphqw
Wkh orqj0uxq txdolw| ri wkh hqylurqphqw lpsuryhv iru wzr glvwlqfw uhdvrqv/ zklfk duh uhsuh0
vhqwhg e| wkh wzr whupv dw wkh uljkw0kdqg vlgh ri h{suhvvlrq +<,=
 H+4,@C  J .

g+u  ,
uu$￿ .+ u  $C,+u  ,

 JA3= +<,
Wkh uvw whup dw wkh uljkw0kdqg vlgh ri +<, uhyhdov wkdw pruh sxeolf dedwhphqw gluhfwo|
lpsuryhv wkh hqylurqphqw1 Wkh vhfrqg whup uhsuhvhqwv wkh srvlwlyh hqylurqphqwdo hhfwv
dvvrfldwhg zlwk d orzhu srooxwlqj fdslwdo vwrfn1 Lq sduwlfxodu/ lq wkh suhvhqfh ri ryhuodsslqj
jhqhudwlrqv +l1h1 uAehfdxvh A3,/ wkh orqj0uxq fdslwdo vwrfn ghfolqhv gxh wr lqwhujhqhu0
dwlrqdo uhglvwulexwlrq dzd| iurp ixwxuh wrzdugv fxuuhqw jhqhudwlrqv1
E| vxevwlwxwlqj wkh wlph sdwkv iru dedwhphqw dqg wkh fdslwdo vwrfn +uhsuhvhqwhg e|/ uh0
vshfwlyho|/ +4, dqg +7,, lqwr wkh hqylurqphqwdo htxdwlrq +W517, lq Wdeoh 5/ dqg vroylqj wkh
uhvxowlqj glhuhqwldo htxdwlrq vxemhfw wr wkh lqlwldo frqglwlrq  H+ 3 ,@3 / zh rewdlq wkh iroorzlqj
wlph sdwk iru wkh txdolw| ri wkh hqylurqphqw=
 H+w,@C  JD+.>C>w,  g  N+4,D+.>k W>w,


gu^u   . C`
+4  u,+uW . C,

 JW+.>k W>C>w,> +43,








iru ￿ 9@ .
4  +4 . .w,h3k.| iru ￿ @ .>
dqg W+.> ￿> 2>w, vwdqgv iru d +whpsrudu|, pxowlsoh wudqvlwlrq whup=





^W+￿> 2>w,  W+.> 2>w,` iru ￿ 9@ .
.w2h3k.|@5 iru ￿ @ 2 @ .=
46Ohppdv D16 dqg D17 ri Eryhqehuj dqg Khlmgud +4<<<, vkrz wkdw wkh pxowlsoh dgmxvwphqw
whupv duh qrq0qhjdwlyh/ V0vkdshg/ dqg lqfuhdvlqj ixqfwlrqv ri wlph/ dqg wkdw wkh pxowlsoh
wudqvlwlrq whup lv d qrq0qhjdwlyh/ vlqjoh0shdnhg/ ehoo0vkdshg ixqfwlrq ri wlph143 Wkh pxowlsoh
dgmxvwphqw whupv h{klelw dq dgmxvwphqw sdwk wkdw lv ghwhuplqhg e| d zhljkwhg dyhudjh ri wzr
dgmxvwphqw vshhgv/ zlwk wkh odujhvw zhljkw ehlqj dwwdfkhg wr wkh vorzhvw prylqj frpsrqhqw1
Wr looxvwudwh/ li wkh hfrorjlfdo v|vwhp dgmxvwv pruh vorzo| wkdq wkh fdslwdo vwrfn +l1h1 . ?k W,/
wkh hfrorjlfdo dgmxvwphqw vshhg . fduulhv wkh odujhvw +l1h1/ srvlwlyh, zhljkw lq wkh dgmxvwphqw
whup D+.>k W>w,1 Lq idfw/ wkh hqylurqphqwdo lpsuryhphqw lv vorz iru wkuhh uhdvrqv= Iluvw/
wkh srolf| lv lqwurgxfhg vorzo| +li C 4 ,1 Vhfrqg/ wkh fdslwdo vwrfn ghfxpxodwhv rqo|
judgxdoo|1 Wklug/ wkh vwrfn0 rz g|qdplfv ri wkh hqylurqphqw vorz grzq wkh dgmxvwphqw1
Wkh uvw whup dw wkh uljkw0kdqg vlgh ri +43, uhsuhvhqwv wkh gluhfw ehqhfldo hhfw ri pruh
sxeolf dedwhphqw rq wkh txdolw| ri wkh hqylurqphqw1 Khuh wkh dgmxvwphqw vshhg ghshqgv rq
erwk wkh vshhg dw zklfk wkh srolf| lv skdvhg lq +uhsuhvhqwhg e| C,d q gw k hv s h h gd wz k l f k
wkh hqylurqphqw uhjhqhudwhv +.,1
Wkh vhfrqg whup dw wkh uljkw0kdqg vlgh ri +43, uhsuhvhqwv wkh srvlwlyh hqylurqphqwdo hhfw
gxh wr d uhgxfwlrq lq wkh srooxwlqj fdslwdo vwrfn1 Lq wkh suhvhqfh ri ryhuodsslqj jhqhudwlrqv/
wkh orqj0uxq fdslwdo vwrfn idoov1 Li wkh eluwk udwh lv }hur/ krzhyhu/ wkh orqj0uxq fdslwdo vwrfn
uhpdlqv frqvwdqw +vhh htxdwlrq +8, zlwk u @ ,/ dqg wkh vhfrqg whup dw wkh uljkw0kdqg vlgh ri
+43, gursv rxw1 Wkh dgmxvwphqw whup lqglfdwhv wkdw wkh uhvxowlqj hqylurqphqwdo dgmxvwphqw
rffxuv rqo| vorzo| dv erwk wkh fdslwdo vwrfn dgmxvwv rqo| judgxdoo| dqg wkh hqylurqphqw
uhjhqhudwhv vorzo|1
Wkh wklug whup dw wkh uljkw0kdqg vlgh ri +43, vkrzv wkdw judgxdo +udwkhu wkdq deuxsw,
lqwurgxfwlrq ri wkh dedwhphqw srolf| |lhogv whpsrudu| dgyhuvh hhfwv rq wkh hqylurqphqw1
Lqwxlwlyho|/ hfrqrplf djhqwv dffxpxodwh pruh fdslwdo lq wkh vkruw uxq lq dqwlflsdwlrq ri kljkhu
wd{hv +vhh +6,,1 Wkh dvvrfldwhg whpsrudulo| odujhu fdslwdo vwrfn fdxvhv dgglwlrqdo srooxwlrq lq
wkh vkruw uxq1
Wkh uvw wzr whupv dw wkh uljkw0kdqg vlgh ri +43, jlyh ulvh wr d vwhdg| lpsuryhphqw lq
hqylurqphqwdo txdolw|/ exw wkh wklug whup zrunv lq wkh gluhfwlrq ri d whpsrudu| ghwhulrud0
wlrq1 Khqfh/ dowkrxjk hqylurqphqwdo txdolw| lpsuryhv lq wkh orqj uxq/ lw pd| zhoo ghfolqh
lq wkh vkruw uxq dv d uhvxow ri d whpsrudu| errvw wr fdslwdo dffxpxodwlrq1 Lq sduwlfxodu/















Wkh lqlwldo zruvhqlqj ri wkh hqylurqphqw uhtxluhv wkdw dedwhphqw lv lqfuhdvhg rqo| yhu| judg0
xdoo| +l1h1/ C vpdoo, zkloh krul}rqv duh orqj +l1h1/ u   @ +4  $M, lv vpdoo,1 Lq wkdw fdvh/
iruzdug0orrnlqj krxvhkrogv uhgxfh wkhlu vkruw0uxq frqvxpswlrq vxevwdqwldoo| lq dqwlflsdwlrq
43Wkh uvw ghulydwlyh ri d pxowlsoh dgmxvwphqw whup zlwk uhvshfw wr wlph lv }hur dw wkh wlph ri wkh srolf|
vkrfn +Vhh Ohppd D16 lq Eryhqehuj dqg Khlmgud +4<<<,,1
47ri wkh kljkhu oxps0vxp wd{hv dvvrfldwhg zlwk pruh ixwxuh sxeolf vshqglqj1 Pruhryhu/ frp0
sduhg wr dedwhphqw/ fdslwdo vkrxog h{huw d uhodwlyho| vwurqj hhfw rq hqylurqphqwdo txdolw|
+l1h1/ g@C+4u, lv odujh, iru wkh txdolw| ri wkh hqylurqphqw wr idoo lq wkh vkruw uxq1 Li wkh
srolf| lv skdvhg lq lqvwdqwdqhrxvo| +C $4 ,/ dqwlflsdwlrq hhfwv duh devhqw1 Dffruglqjo|/
wkh wklug whup rq wkh uljkw0kdqg vlgh ri +43, ydqlvkhv dqg dgmxvwphqw ri wkh hqylurqphqwdo
txdolw| lv prqrwrqlf1 Sursrvlwlrq 7 vxppdul}hv wkhvh hhfwv1
Sursrvlwlrq 7 Wkh vroxwlrq sdwk iru hqylurqphqwdo txdolw| +uhsuhvhqwhg e| +43,, vdwlvhv
wkh iroorzlqj surshuwlhv= +l, Li wkh srolf| lv lqwurgxfhg vorzo| dqg wkh eluwk udwh lv orz/ wkh
hqylurqphqwdo txdolw| pd| ghwhulrudwh dw uvw ehiruh lpsurylqj odwhu1 +ll, Li wkh srolf| lv




Lq wkh suhvhqfh ri hqylurqphqwdo dphqlwlhv/ zhoiduh hhfwv fdq eh ghfrpsrvhg lqwr wzr frp0
srqhqwv1 Wkh uvw frpsrqhqw uhsuhvhqwv wkh fkdqjh lq qrq0hqylurqphqwdo zhoiduh dqg lv
ghqrwhg e| gX￿.+3,1 Wkh vhfrqg frpsrqhqw phdvxuhv wkh fkdqjh lq hqylurqphqwdo zhoiduh
dqg lv ghqrwhg e| gX.+3,1 Wklv vxe0vhfwlrq lqyhvwljdwhv wkh h!flhqf| fdvh iru udlvlqj sxeolf
dedwhphqw e| h{sorulqj wkh zhoiduh hhfwv iru d uhsuhvhqwdwlyh djhqw1
Lq wkh devhqfh ri ryhuodsslqj jhqhudwlrqv dqg zlwk dq deuxsw vkrfn +C $4 ,/ qrq0
hqylurqphqwdo zhoiduh ri wkh uhsuhvhqwdwlyh djhqw lv jlyhq e|=
gX￿.+3, @   J@+4  $C,=
Qrq0hqylurqphqwdo zhoiduh ghfolqhv rq dffrxqw ri wkh kljkhu oxps0vxp wd{hv uhtxluhg wr
qdqfh wkh dgglwlrqdo dedwhphqw1 Wkh hqylurqphqwdo ehqhwv ri sxeolf dedwhphqw |lhog wkh







Ryhudoo zhoiduh lv jlyhq e| wkh zhljkwhg vxp ri sulydwh dqg hqylurqphqwdo zhoiduh=
gX+3,  gX￿.+3, . .gX.+3,= +44,
Iru hdfk srvlwlyh ydoxh ri wkh lqlwldo dedwhphqw vkduh/ zh fdq hpsor| +44, wr frpsxwh wkh
hqylurqphqwdo zhljkw/ a ./ iru zklfk wkh dedwhphqw vkduh zrxog eh rswlpdo/ l1h1 a . 
gX￿.+3,@gX.+3,1 Dowhuqdwlyho|/ iru hdfk ydoxh ri ./ zh fdq qg wkh dedwhphqw vkduh
iru zklfk wkh ryhudoo pdujlqdo zhoiduh hhfw lv }hur1 Wklv lv lq idfw wkh rswlpdo vkduh ri sxeolf
48dedwhphqw a $C=




Htxdwlrq +45, lpsolhv wkh iroorzlqj hhfwv iru wkh rswlpdo dedwhphqw vkduh= Ca $C@C. A
3/ Ca $C@CC A 3/d q gCa $C@C. A 31 D vwurqj frqfhuq iru wkh hqylurqphqw lpsolhv d
kljk rswlpdo dedwhphqw vkduh1 Wkh vdph krogv wuxh iru d kljk hodvwlflw| ri wkh vwhdg|0vwdwh
hqylurqphqw zlwk uhvshfw wr dedwhphqw1 Pruhryhu/ wkh kljkhu lv wkh vshhg ri uhjhqhudwlrq
ri wkh hqylurqphqw/ wkh pruh vxevwdqwldo duh wkh hqylurqphqwdo ehqhwv iurp dgglwlrqdo
dedwhphqw/ dqg khqfh wkh kljkhu lv wkh rswlpdo dedwhphqw vkduh1
815 Lqwhujhqhudwlrqdo glvwulexwlrq
Lq wkh suhvhqfh ri ryhuodsslqj jhqhudwlrqv/ wkh wd{ exughq dvvrfldwhg zlwk dgglwlrqdo sxeolf
dedwhphqw dhfwv wkh ydulrxv jhqhudwlrqv lq glhuhqw zd|v1 Wklv vxe0vhfwlrq h{soruhv wkh
lqwhujhqhudwlrqdo glvwulexwlrq hhfwv1
81514 Qrq0hqylurqphqwdo zhoiduh
Iru h{lvwlqj jhqhudwlrqv/ wkh fkdqjh lq qrq0hqylurqphqwdo zhoiduh dprxqwv wr d zhljkwhg
dyhudjh ri wkh mxps lq frqvxpswlrq wkdw rffxuv dw wlph w @3+l1h1/  F+3,, dqg wkh Odsodfh
wudqvirup ri fkdqjhv lq wkh lqwhuhvw udwh=




 F+3, . uOi u>. j>y 3= +46,
Wkh uvw whup dw wkh uljkw0kdqg vlgh ri +46, uhsuhvhqwv wkh lpsdfw ri kljkhu oxps0vxp wd{hv
rq wkh lqlwldo frqvxpswlrq ohyho zkloh wkh vhfrqg whup vwdqgv iru wkh hhfw ri fkdqjhv lq wkh












u   . C
+uW . C,+ .  . C,

= +47,
Wkh vljq ri wkh Odsodfh wudqvirup ri fkdqjhv lq wkh lqwhuhvw udwh lv dpeljxrxv dqg ghshqgv
+dprqj rwkhu wklqjv, rq wkh suredelolw| ri ghdwk dqg wkh vshhg dw zklfk wkh srolf| lv lq0
wurgxfhg1 Li djhqwv h{klelw lqqlwh olyhv + @3dqg u @ ,/ wkh hhfw ri lqwhuhvw fkdqjhv
rq qrq0hqylurqphqwdo zhoiduh lv xqdpeljxrxvo| qhjdwlyh li wkh srolf| lv lqwurgxfhg judgx0
doo| +C qlwh,1 Wklv lv gxh wr dqwlflsdwlrq hhfwv/ zklfk fdxvh d whpsrudu| lqfuhdvh lq wkh
fdslwdo vwrfn dqg khqfh d whpsrudu| gurs lq wkh udwh ri lqwhuhvw1 Li wkh srolf| lv lqwurgxfhg
lqvwdqwdqhrxvo| +l1h1 C $4 , dqg ryhuodsslqj jhqhudwlrqv duh devhqw + @3dqg u @ ,/
wkh fdslwdo vwrfn/ dqg khqfh wkh lqwhuhvw udwh/ uhpdlq frqvwdqw1
Pdwwhuv duh voljkwo| pruh lqyroyhg li djhqwv ihdwxuh qlwh olyhv1 Lq wkdw fdvh/ wkh vljq
ri wkh Odsodfh wudqvirup ri lqwhuhvw udwh fkdqjhv lq +47, ghshqgv rq erwk wkh suredelolw|
ri ghdwk +, dqg wkh vshhg zlwk zklfk wkh srolf| lv lqwurgxfhg1 Li wkh srolf| lv lqwurgxfhg
49lqvwdqwdqhrxvo| +C $4 ,/ wkh fdslwdo vwrfn ghfolqhv lq d prqrwrqlf idvklrq1 Frqvhtxhqwo|/
wkh Odsodfh wudqvirup ri fkdqjhv lq wkh lqwhuhvw udwh lv xqdpeljxrxvo| srvlwlyh1 Iru yhu|
rog djhqwv +zlwk d yhu| qhjdwlyh lqgh{ y,/ wkh srvlwlyh vhfrqg whup dw wkh uljkw0kdqg vlgh ri
+46, grplqdwhv wkh qhjdwlyh uvw whup1 Khqfh/ wkhvh djhqwv xqdpeljxrxvo| hqmr| kljkhu qrq0
hqylurqphqwdo zhoiduh/ ghvslwh wkh kljkhu wd{ ohyho uhtxluhg wr qdqfh wkh deuxsw lqfuhdvh lq
sxeolf dedwhphqw1 Wkh uhdvrq lv wkdw wkh yhu| rog duh zhdowk| ehfdxvh wkh| kdyh kdg d orqj
wlph wr dffxpxodwh odujh vwrfnv ri qdqfldo zhdowk1 Frqvhtxhqwo|/ wkh hoghuo| gr qrw vxhu
pxfk iurp wkh kljkhu oxps0vxp wd{hv exw ehqhw vxevwdqwldoo| iurp wkh ulvh lq wkh lqwhuhvw
udwh1
\rxqj djhqwv zkr kdyh ehhq eruq mxvw ehiruh wkh srolf| vkrfn rffxuuhg +l1h1 zlwk dq lqgh{
y forvh wr }hur,/ lq frqwudvw/ vxhu vxevwdqwldoo| iurp wkh kljkhu oxps0vxp wd{hv1 Wkhvh
jhqhudwlrqv krog olwwoh ru qr qdqfldo zhdowk dqg wkxv ghshqg doprvw hqwluho| rq kxpdq
zhdowk/ wkh ydoxh ri zklfk ghfolqhv rq dffrxqw ri wkh kljkhu oxps0vxp wd{hv1 Khqfh/ zkhuhdv
wkh fkdqjh lq qrq0hqylurqphqwdo xwlolw| h{shulhqfhg e| h{lvwlqj jhqhudwlrqv lv srvlwlyh iru
wkh roghvw jhqhudwlrqv/ wklv qrq0hqylurqphqwdo zhoiduh hhfw ehfrphv qhjdwlyh iru |rxqjhu
krxvhkrogv1
Li olyhv duh qlwh dqg wkh srolf| lv lqwurgxfhg judgxdoo|/ qrq0hqylurqphqwdo xwlolw| ri djhqwv
eruq dw wkh wlph ri wkh vkrfn xqdpeljxrxvo| ghfolqhv1 Krzhyhu/ iru yhu| rog djhqwv dqg zlwk
xqdqwlflsdwhg srolflhv wklv zhoiduh hhfw lv dpeljxrxv1 Wkh roghvw jhqhudwlrqv idfh d orvv lq
qrq0hqylurqphqwdo zhoiduh li erwk u   @ +4  $M, dqg C duh vpdoo/ l1h1/ li olyhv duh orqj
dqg wkh srolf| lv lqwurgxfhg rqo| vorzo|1 Lq wkdw fdvh/ wkh dqwlflsdwlrq hhfwv duh vxevwdqwldo
+ehfdxvh C lv vpdoo, zkloh wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv duh rqo| vpdoo +ehfdxvh
u @ +4$M, lv vpdoo,1 Dffruglqjo|/ wkh vkruw0uxq ghfolqh lq wkh lqwhuhvw udwh rq dffrxqw
ri wkh dqwlflsdwlrq hhfwv grplqdwhv wkh orqj0uxq lqfuhdvh lq wkh lqwhuhvw udwh rq dffrxqw ri
lqwhujhqhudwlrqdo glvwulexwlrq hhfwv1
Iru jhqhudwlrqv zkr kdyh qrw |hw ehhq eruq dw wkh wlph ri wkh srolf| vkrfn +l1h1 vr0fdoohg
ixwxuh jhqhudwlrqv zkrvh jhqhudwlrq lqgh{ frlqflghv zlwk wkh klvwrulfdo wlph lqgh{/ wA3,/
wkh wlph sdwk iru wkh fkdqjh lq qrq0hqylurqphqwdo xwlolw| fdq eh zulwwhq dv=




￿.+C, lv d ixqfwlrq ri sdudphwhuv dqg C/ dqg zkhuh wkh qrq0hqylurqphqwdo zhoiduh
hhfw iru wkh jhqhudwlrq eruq dw wkh wlph ri wkh srolf| vkrfn/ gX￿.+3>3,/ lv jlyhq e| h{suhvvlrq
+46, zlwk y @3 1 Iru jhqhudwlrqv eruq lq wkh qhz vwhdg| vwdwh/ qrq0hqylurqphqwdo zhoiduh lv
jlyhq e|=
+ . ,gX￿.+4>4,@








Jhqhudwlrqv eruq idu lqwr wkh ixwxuh hqmr| ohvv qrq0hqylurqphqwdo xwlolw| wkdq ixwxuh jhqhud0
wlrqv eruq hduolhu gr ehfdxvh wkh| kdyh ohvv sk|vlfdo fdslwdo wr zrun zlwk1 Lqghhg/ htxdwlrq +;,
4:vkrzv wkdw wkh ghfolqh lq wkh fdslwdo vwrfn fdxvhv diwhu0wd{ zdjhv wr judgxdoo| idoo ryhu wlph1
Khqfh/ jhqhudwlrqv eruq lq wkh qhz vwhdg| vwdwh duh zruvh r lq whupv ri qrq0hqylurqphqwdo
zhoiduh wkdq lq wkh lqlwldo vwhdg| vwdwh1 Sursrvlwlrq 8 vxppdul}hv wkh pdlq ihdwxuhv ri qrq0
hqylurqphqwdo xwlolw| iru ydulrxv jhqhudwlrqv1
Sursrvlwlrq 8 Wkh vroxwlrq sdwkv iru qrq0hqylurqphqwdo xwlolw| ri wkh ydulrxv frkruwv vdw0
lvi| wkh iroorzlqj surshuwlhv= +l, Wkh roghvw jhqhudwlrqv jdlq xqohvv wkh srolf| lv lqwurgxfhg
vx!flhqwo| vorzo| dqg wkh eluwk udwh lv vx!flhqwo| orz1 Ixuwkhupruh/ CgX￿.+y>3,@Cy ? 3 iru
y  31 +ll, Wkh jhqhudwlrq eruq dw wkh wlph ri wkh vkrfn orvhv uhjdugohvv ri wkh ydoxh ri C1
Wkh orvv lv lqfuhdvlqj lq C +l1h1/ gX￿.+3>3, ? 3 dqg CgX￿.+3>3,@CC ? 3,1 +lll, Wkh jhqhu0
dwlrqv eruq lq wkh qhz vwhdg| vwdwh orvhv uhjdugohvv ri wkh ydoxh ri C +l1h1/ gX￿.+4>4, ? 3,1
+ly, Wkh jhqhudwlrqv eruq lq wkh qhz vwhdg| vwdwh duh zruvh r wkdq wkh jhqhudwlrqv eruq dw
wkh wlph ri wkh srolf| vkrfn uhjdugohvv ri C +l1h1 gX￿.+4>4, ?g X ￿.+3>3, ? 3,1 +y, Lq
wkh devhqfh ri ryhuodsslqj jhqhudwlrqv +l1h1  @3 ,/ wkh uhsuhvhqwdwlyh krxvhkrogv vxhuv d
zhoiduh orvv uhjdugohvv ri wkh ydoxh ri C1 Surri= Vhh Eryhqehuj dqg Khlmgud +4<<<,1
Wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv ri dq deuxsw lqfuhdvh lq sxeolf dedwhphqw duh
udwkhu glhuhqw wkdq wkh fruuhvsrqglqj glvwulexwlrqdo hhfwv ri d kljkhu srooxwlrq wd{ +vhh EK,1
Roghu jhqhudwlrqv whqg wr suhihu sxeolf dedwhphqw ryhu d srooxwlrq wd{ dv d phdqv wr lpsuryh
wkh hqylurqphqw1 \rxqjhu jhqhudwlrqv/ lq frqwudvw/ idyrxu srooxwlrq wd{hv1 Wkhvh glyhujlqj
suhihuhqfhv uh hfw wkh glhuhqw hhfwv ri wkh wzr hqylurqphqwdo srolflhv rq idfwru sulfhv +vhh
vxe0vhfwlrq 615,,1 Zkhuhdv srooxwlrq wd{hv kxuw wkh rzqhuv ri fdslwdo/ sxeolf dedwhphqw
kdupv wkh ydoxh ri kxpdq fdslwdo1 Vlqfh roghu jhqhudwlrqv ghshqg pruh rq qdqfldo fdslwdo
dqg |rxqjhu jhqhudwlrqv rq kxpdq fdslwdo/ roghu jhqhudwlrqv suhihu sxeolf dedwhphqw ryhu
srooxwlrq wd{hv1 Lqghhg/ dprqj jhqhudwlrqv wkdw duh dolyh dw wkh wlph ri wkh srolf| vkrfn/ wkh
|rxqjhvw jhqhudwlrqv h{shulhqfh wkh odujhvw zhoiduh orvvhv li sxeolf dedwhphqw lv udlvhg1 Lq
fdvh wkh srooxwlrq wd{ lv lqfuhdvhg/ lq frqwudvw/ wkh roghvw jhqhudwlrqv vxhu prvw ri doo fxuuhqw
jhqhudwlrqv1 Wklv lv ehfdxvh diwhu0wd{ uhwxuqv rq qdqfldo fdslwdo/ zklfk duh dq hvshfldoo|
lpsruwdqw ghwhuplqdqw ri wkh lqfrphv ri wkh hoghuo|/ ghfolqh zlwk d kljkhu srooxwlrq wd{ exw
ulvh zlwk kljkhu dedwhphqw1
Wkh vxevlg| wr kxpdq fdslwdo xqghu wkh srooxwlrq wd{ h{sodlqv dovr zk| ixwxuh jhqhud0
wlrqv whqg wr eh ehwwhu r xqghu wkh srooxwlrq wd{ wkdq zlwk sxeolf dedwhphqw1 Dedwhphqw
xqdpeljxrxvo| kdupv qrq0hqylurqphqwdo zhoiduh hqmr|hg e| erwk wkh |rxqjhvw ri wkh h{lvwlqj
jhqhudwlrqv dqg doo ixwxuh jhqhudwlrqv1 D srooxwlrq wd{/ lq frqwudvw/ errvwv qrq0hqylurqphqwdo
zhoiduh ri wkhvh jhqhudwlrqv xqohvv d kljk lqlwldo wd{ udwh lv frpelqhg zlwk d orz eluwk udwh1
D kljk lqlwldo srooxwlrq wd{ lpsolhv wkdw d ixuwkhu lqfuhdvh lq wklv wd{ |lhogv uhodwlyho| odujh
qrq0hqylurqphqwdo frvwv1 D orz eluwk udwh lpsolhv wkdw lq wkh orqj uxq fdslwdo fdq vkliw wkhvh
frvwv wr oderxu vr wkdw ixwxuh jhqhudwlrqv +zkr ghshqg rq kxpdq fdslwdo, vxhu1
4;81515 Hqylurqphqwdo zhoiduh
Doo h{lvwlqj jhqhudwlrqv idfh wkh vdph suredelolw| ri ghdwk dqg wkxv h{shfw wkh vdph uhpdlqlqj
olih wlph1 Dffruglqjo|/ wkh| h{shulhqfh wkh vdph errvw lq hqylurqphqwdo xwlolw| rq dffrxqw ri
lpsuryhg hqylurqphqwdo txdolw|=
gX.+3, @ Oi  H>. j @
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Wkh uvw whup lq vtxduh eudfnhwv dw wkh uljkw0kdqg vlgh ri +48, uhsuhvhqwv wkh gluhfw srvlwlyh
lpsdfw rq wkh hqylurqphqw ri dgglwlrqdo sxeolf dedwhphqw1 Wkh rwkhu whupv uhsuhvhqw wkh
hhfw ri fkdqjhv lq wkh fdslwdo vwrfn rq wkh hqylurqphqw1 Li wkh srolf| lv lqwurgxfhg judgxdoo|/
wkh fdslwdo vwrfn ulvhv dw uvw ehiruh lw idoov wr lwv orzhu orqj0uxq ydoxh1 Li wkh srolf| lv
lqwurgxfhg vx!flhqwo| vorzo|/ wkh lqlwldo errvw wr fdslwdo dffxpxodwlrq/ zklfk srooxwhv wkh
hqylurqphqw/ grplqdwhv wkh orqj0uxq gurs lq wkh srooxwlqj fdslwdo vwrfn1 Khqfh/ wkh whup
lq urxqg eudfnhwv lv qhjdwlyh li wkh vshhg zlwk zklfk wkh srolf| lv lqwurgxfhg/ C/l vv p d o o 1
Udwkhu sdudgr{lfdoo|/ h{lvwlqj jhqhudwlrqv pd| dfwxdoo| hqg xs zlwk orzhu hqylurqphqwdo
zhoiduh li wkh srolf| lv lqwurgxfhg vorzo| +C vpdoo,/ krul}rqv duh vkruw +wkh ghdwk udwh 
lv odujh,/ dqg dedwhphqw lv qrw yhu| hhfwlyh +C@g vpdoo,1 Gxulqj wkhlu olihwlphv/ wkhvh
jhqhudwlrqv h{shulhqfh d orqj wudqvlwlrq shulrg gxulqj zklfk wkh hqylurqphqw zruvhqv gxh wr
wkh whpsrudu| errvw lq lqyhvwphqw1
Hqylurqphqwdo xwlolw| xqdpeljxrxvo| ulvhv lq wkh orqj uxq/ erwk ehfdxvh wkh fdslwdo vwrfn













Wkh frpsdulvrq ri +48, dqg +49, uhyhdov wkdw ixwxuh jhqhudwlrqv hqmr| d kljkhu ohyho ri hq0
ylurqphqwdo xwlolw| wkdq h{lvwlqj jhqhudwlrqv gr +l1h1/ gX.+4, Ag X .+3,,1 Pruhryhu/ wkh
dgmxvwphqw sdwk ri hqylurqphqwdo xwlolw| qhhg qrw eh prqrwrqlf li wkh srolf| lv lqwurgxfhg
judgxdoo|1
Wkh pdlq fkdudfwhulvwlfv ri wkh wlph sdwk ri hqylurqphqwdo xwlolw| duh vxppdul}hg lq
Sursrvlwlrq 9144
Sursrvlwlrq 9 Wkh vroxwlrq sdwk iru hqylurqphqwdo xwlolw| vdwlvhv wkh iroorzlqj surshuwlhv=
+l, H{lvwlqj jhqhudwlrqv jdlq xqohvv wkh srolf| lv lqwurgxfhg yhu| vorzo| +C orz,/ wkh eluwk
udwh lv kljk/ dqg dedwhphqw lv qrw yhu| hhfwlyh +g@C odujh,1 +ll, Wkh jhqhudwlrqv eruq
44Li wkh srolf| lv lqwurgxfhg deuxswo|/ wkh hqylurqphqwdo hhfwv ri sxeolf dedwhphqw duh vlplodu wr wkrvh ri
wkh srooxwlrq wd{ +vhh EK,1 Wklv lv qrw vxusulvlqj vlqfh erwk srolflhv duh dlphg dw lpsurylqj wkh txdolw| ri wkh
hqylurqphqw1
4<lq wkh qhz vwhdg|0vwdwh jdlq uhjdugohvv ri wkh ydoxh ri C +l1h1/ gX.+4, A 3,1 +lll, Ixwxuh
jhqhudwlrqv jdlq pruh wkdq suhvhqw jhqhudwlrqv gr +l1h1 gX.+4, Ag X .+3,,1 +ly, Li wkh srolf|
lv lqwurgxfhg lqvwdqwdqhrxvo| +C $4 ,/ hqylurqphqwdo zhoiduh ulvhv lq d prqrwrqlf idvklrq1
Surri= Vhh Eryhqehuj dqg Khlmgud +4<<<,1
81516 Ryhudoo zhoiduh
Ryhudoo zhoiduh dprxqwv wr d zhljkwhg vxp ri qrq0hqylurqphqwdo dqg hqylurqphqwdo zhoiduh=
gX+y>3,  gX￿.+y>3, . .gX.+3,>y 3>
gX+w>w,  gX￿.+w>w,..gX.+w,>w 3=
Li wkh srolf| lv lqwurgxfhg deuxswo| +C $4 ,/ wkh roghu jhqhudwlrqv uhds wkh odujhvw ehqhwv
ri wkh jhqhudwlrqv wkdw duh dolyh dw w @3 1 Zkloh doo fxuuhqwo| olylqj jhqhudwlrqv hqmr| wkh
vdph hqylurqphqwdo lpsuryhphqwv/ wkh hoghuo| vxhu ohvv iurp wkh lqfuhdvh lq oxps0vxp
wd{hv ehfdxvh kxpdq zhdowk lv d uhodwlyho| vpdoo zhdowk frpsrqhqw iru wkh hoghuo|1 Dprqj
wkh jhqhudwlrqv wkdw duh |hw wr eh eruq dw w @3 / wkh roghvw jhqhudwlrqv +l1h1 wkh jhqhudwlrqv
wkdw duh eruq lpphgldwho| diwhu w @3 , ehqhw wkh prvw rqo| li wkh zhljkw ri hqylurqphqwdo
zhoiduh/ ./ lv yhu| vpdoo1 Wkh uhdvrq lv wkdw wkh roghu jhqhudwlrqv kdyh d odujhu fdslwdo
vwrfn wr zrun zlwk wkdq wkh |rxqjhu jhqhudwlrqv dqg wkxv hqmr| kljkhu zdjhv dqg qrq0
hqylurqphqwdo zhoiduh1 Krzhyhu/ wkh |rxqjhu frkruwv ri wkh jhqhudwlrqv wkdw duh eruq diwhu
w @3h{shulhqfh d odujhu lpsuryhphqw lq hqylurqphqwdo zhoiduh dqg wkxv/ li wkh zhljkw ri
hqylurqphqwdo zhoiduh . lv qrw yhu| vpdoo/ h{shulhqfh d odujhu jdlq lq ryhudoo zhoiduh wkdq
wkh roghu jhqhudwlrqv eruq hduolhu diwhu w @3 1
Dq deuxsw lqfuhdvh lq sxeolf dedwhphqw lv Sduhwr zhoiduh0lpsurylqj li wkh ryhudoo zhoiduh
ri doo ixwxuh jhqhudwlrqv lqfuhdvhv1 Wkh plqlpxp ohyho ri wkh hqylurqphqwdo xwlolw| zhljkw iru











Wkh qxphulfdo vlpxodwlrqv lq vhfwlrq : ehorz lqglfdwh wkdw iru uhdvrqdeoh sdudphwhu ydoxhv
wkh jhqhudwlrq eruq dw w @3lv wkh fulwlfdo jhqhudwlrq/ l1h1 wkh jhqhudwlrq iru zklfk wkh
hqylurqphqwdo zhljkw qhhgv wr eh odujhvw lq rughu iru wkh jhqhudwlrq wr ehqhw lq whupv ri
ryhudoo zhoiduh/ l1h1 ￿
.  gX￿.+3>3,@gX.+3,1 Wkh roghvw ri wkh ixwxuh jhqhudwlrqv lv wkh
fulwlfdo jhqhudwlrq ehfdxvh wkh jdlq lq hqylurqphqwdo zhoiduh ulvhv idvwhu zlwk wkh gdwh ri eluwk
ri d jhqhudwlrq wkdq wkh devroxwh ydoxh ri wkh orvv lq qrq0hqylurqphqwdo zhoiduh grhv1 Lqghhg/
wkh olwhudwxuh rq ryhuodsslqj0jhqhudwlrqv prghov zlwk h{rjhqrxv oderxu vxsso| vxjjhvw wkdw/
iru uhdvrqdeoh ydoxhv ri wkh eluwk udwh/ wkh furzglqj0rxw hhfwv ri kljkhu sxeolf vshqglqj
rq sulydwh vdylqj dqg lqyhvwphqw duh txlwh vpdoo +vhh/ iru h{dpsoh/ Dxhuedfk dqg Nrwolnr
+4<;:/ ss1 <:0434, dqg Urphu +4<;;,,1 Khqfh/ lq ylhz ri rqo| olplwhg fdslwdo ghfxpxodwlrq/
zdjhv/ dqg wkxv qrq0hqylurqphqwdo zhoiduh/ gr qrw ghfolqh pxfk ryhu wlph1
53Dqrwkhu uhdvrq iru zk| wkh roghvw ixwxuh jhqhudwlrqv duh wkh fulwlfdo jhqhudwlrqv lv wkh
iroorzlqj1 Wkh qrq0hqylurqphqwdo orvvhv rq dffrxqw ri fdslwdo ghfxpxodwlrq duh dffrpsd0
qlhg e| hqylurqphqwdo jdlqv gxh wr d vpdoohu srooxwlqj fdslwdo vwrfn1 Khqfh/ furzglqj0rxw
ri sulydwh lqyhvwphqw lpsolhv wkdw wkh |rxqjhu ixwxuh jhqhudwlrqv qrw rqo| ehdu odujhu qrq0
hqylurqphqwdo frvwv exw dovr hqmr| odujhu hqylurqphqwdo ehqhwv wkdq roghu ixwxuh jhqhudwlrqv
gr1 Pruhryhu/ wkh hqylurqphqwdo ehqhwv rq dffrxqw ri furzglqj rxw ri sulydwh lqyhvwphqw
duh vxssohphqwhg e| wkh gluhfw hqylurqphqwdo jdlqv gxh wr pruh sxeolf dedwhphqw1 Wkhvh
odwwhu hqylurqphqwdo jdlqv dffuxh pdlqo| wr |rxqjhu/ ixwxuh jhqhudwlrqv ehfdxvh wkhvh jdlqv
rffxu rqo| judgxdoo| wkurxjk wlph ehfdxvh ri vwrfn0 rz g|qdplfv1 Khqfh/ wkh dgglwlrqdo
hqylurqphqwdo jdlqv hqmr|hg e| ixwxuh jhqhudwlrqv +gxh wr qrw rqo| furzglqj rxw ri srooxwlqj
fdslwdo exw dovr wkh gluhfw srvlwlyh hhfw ri pruh dedwhphqw rq hqylurqphqwdo txdolw|, grpl0
qdwh wkh dgglwlrqdo qrq0hqylurqphqwdo frvwv vxhuhg e| wkhvh jhqhudwlrqv +gxh wr wkh dgyhuvh
hhfwv ri furzglqj rxw rq zdjhv,1
Zlwk d judgxdo lpsohphqwdwlrq ri hqylurqphqwdo srolf| +C 4 ,/ wkh hoghuo| dprqj
w k r v hd o l y hd ww @3gr qr orqjhu qhfhvvdulo| ehqhw1 Lq sduwlfxodu/ wkh whpsrudu| lqfuhdvh lq
fdslwdo dffxpxodwlrq rq dffrxqw ri dqwlflsdwlrq hhfwv kxuwv wkh hoghuo| wkurxjk wzr fkdqqhov/
qdpho| d whpsrudulo| orzhu uhwxuq rq fdslwdo dqg d gluwlhu hqylurqphqw1 Wkh whpsrudu|
lqfuhdvh lq fdslwdo dffxpxodwlrq kdv frqvhtxhqfhv dovr iru wkh jhqhudwlrqv eruq lpphgldwho|
diwhu w @3 1 Rq wkh rqh kdqg/ wkhvh jhqhudwlrqv kdyh pruh fdslwdo wr zrun zlwk dqg wkxv
ehqhw iurp kljkhu zdjhv1 Rq wkh rwkhu kdqg/ wkh| olyh lq d gluwlhu zruog1 Zklfk idfwru
grplqdwhv ghshqgv rq wkh hqylurqphqwdo zhljkw lq xwlolw|1
Zkhuhdv dq deuxsw lqfuhdvh lq dedwhphqw lpsolhv wkdw wkh |rxqjhvw ri wkh h{lvwlqj jhqhu0
dwlrqv lv wkh fulwlfdo jhqhudwlrq/ wkh roghvw ri wkh h{lvwlqj jhqhudwlrqv lv wkh fulwlfdo jhqhudwlrq
li wkh srooxwlrq wd{ lv udlvhg deuxswo|1 Wklv uh hfwv wkh glhuhqwldo hhfwv rq idfwru sulfhv
+vhh dovr vxe0vhfwlrqv 615 dqg 81514,1 Lq sduwlfxodu/ zkhuhdv sxeolf dedwhphqw udlvhv wkh diwhu0
wd{ uhwxuq rq qdqfldo fdslwdo dqg uhgxfhv wkh uhwxuq rq kxpdq fdslwdo/ wkh srooxwlrq wd{
jhqhudwhv rssrvlwh hhfwv rq wkhvh uhwxuqv1
9 Sxeolf ghew srolf|
Wklv vhfwlrq h{soruhv wkh uroh ri sxeolf ghew lq holplqdwlqj wkh lqwhujhqhudwlrqdo lqhtxlwlhv
uhvxowlqj iurp dq deuxsw lqfuhdvh lq sxeolf dedwhphqw +l1h1 C $4 ,1 Wkh uvw vxe0vhfwlrq
hpsor|v sxeolf ghew wr hqvxuh wkdw doo fxuuhqw jhqhudwlrqv +l1h1 jhqhudwlrqv dolyh dw wkh wlph
ri wkh srolf| vkrfn, duh htxdoo| zhoo r1 Wkh vhfrqg vxe0vhfwlrq dgrswv d pruh frpsoh{ ghew
srolf| vr wkdw doo +l1h1 qrw rqo| fxuuhqw exw dovr ixwxuh, jhqhudwlrqv h{shulhqfh wkh vdph
fkdqjh lq ryhudoo zhoiduh1
54914 Frpshqvdwlqj fxuuhqw jhqhudwlrqv
Vhfwlrq 8 vkrzhg wkdw wkh ydulrxv fxuuhqw jhqhudwlrqv duh dhfwhg txlwh glhuhqwo| e| dq
deuxsw lqfuhdvh lq sxeolf dedwhphqw1 Zkhuhdv doo fxuuhqw jhqhudwlrqv hqmr| wkh vdph lp0
suryhphqw lq hqylurqphqwdo zhoiduh +vhh Sursrvlwlrq 9,/ wkhvh jhqhudwlrqv h{shulhqfh udwkhu
glyhujlqj lpsdfwv rq qrq0hqylurqphqwdo zhoiduh1 Lq sduwlfxodu/ wkh kljkhu oxps0vxp wd{hv
klw wkh |rxqjhu jhqhudwlrqv/ zkr uho| khdylo| rq kxpdq zhdowk/ kdughu wkdq wkh roghu jhqhu0
dwlrqv zkr kdyh dffxpxodwhg pruh qdqfldo fdslwdo1 Dffruglqjo|/ lq frqwudvw wr wkh hoghuo|/
wkh |rxqj orvh lq whupv ri qrq0hqylurqphqwdo zhoiduh +vhh Sursrvlwlrq 8,1
Wr rvhw wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv lq idyrxu ri wkh roghu/ fxuuhqw jhqhu0
dwlrqv/ wkh jryhuqphqw qhhgv wr ohy| djh0vshflf wd{hv1 D rqfh0r zhdowk wd{ +g,o h y l h g
dw wkh wlph ri wkh xqh{shfwhg srolf| vkrfn rq wkh vwrfn ri qdqfldo zhdowk dfwv olnh vxfk dq
djh0vshflf wd{1 Wkh lqflghqfh ri wklv wd{ ihdwxuhv wkh uhtxluhg uhodwlrqvkls zlwk djh ehfdxvh
kroglqjv ri qdqfldo zhdowk ulvh zlwk djh lq wkh lqlwldo vwhdg| vwdwh1 Wkh iroorzlqj rqfh0r
fdslwdo ohy| hqvxuhv wkdw doo jhqhudwlrqv dolyh dw wkh wlph ri wkh srolf| vkrfn vxhu wkh vdph
ghfolqh lq qrq0hqylurqphqwdo zhoiduh +vhh Eryhqehuj dqg Khlmgud +4<<<,,=







zkhuh  E+3,  ugE+3,@\ vwdqgv iru wkh glvfuhwh gurs lq sxeolf ghew dw wlph w @3uhvxowlqj
iurp wkh uhyhqxh udlvhg e| wkh rqfh0r fdslwdo ohy|1
Wkh fdslwdo ohy| qhxwudol}hv wkh lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv rq qrq0hqylurqphq0
wdo zhoiduh qrw rqo| iru fxuuhqw jhqhudwlrqv exw dovr iru ixwxuh jhqhudwlrqv li jryhuqphqw ghew
uhpdlqv frqvwdqw diwhu wkh lqlwldo gurs +  E+w,@  E+3, iru doo w  3,1 Lq wkdw fdvh/ wkh lqwhuhvw
lqfrph rq wkh dgglwlrqdo sxeolf dvvhwv uhgxfhv wkh uhtxluhg lqfuhdvh lq oxps0vxp wd{hv1 Wkh
fdslwdo ohy| frpelqhg zlwk wkh orzhu dgglwlrqdo wd{hv rq kxpdq fdslwdo hqvxuhv wkdw wkh
dgglwlrqdo wd{ exughq gxh wr kljkhu sxeolf vshqglqj lv sursruwlrqdo wr frqvxpswlrq udwkhu
wkdq kxpdq fdslwdo1 Khqfh/ sxeolf dedwhphqw lv qrz lq idfw qdqfhg e| d wd{ rq frqvxpswlrq
udwkhu wkdq d wd{ rq kxpdq fdslwdo1 Wkh dgglwlrqdo wd{ exughq lv wkxv glvwulexwhg htxdoo|






iru y  3 dqg w  31
Zlwk doo jhqhudwlrqv vxhulqj wkh vdph ghfolqh lq qrq0hqylurqphqwdo zhoiduh/ fdslwdo df0
fxpxodwlrq lv qr orqjhu furzghg rxw rq dffrxqw ri lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv lq
idyrxu ri wkh roghu jhqhudwlrqv +dv lv wkh fdvh zlwkrxw wkh zhdowk wd{/ vhh vxe0vhfwlrq 614,1
Lqghhg/ zlwkrxw lqwhujhqhudwlrqdo glvwulexwlrqdo hhfwv lq whupv ri qrq0hqylurqphqwdo zhoiduh/
djjuhjdwh frqvxpswlrq lv qr orqjhu uhglvwulexwhg iurp wkh ixwxuh wr wkh suhvhqw1 Lq whupv ri
55Iljxuh 5/ wkh rqfh0r fdslwdo ohy| vkliwv wkh PNU fxuyh grzq vxfk wkdw wklv fxuyh lqwhuvhfwv
wkh qhz LV fxuyh gluhfwo| ehorz Hf lq srlqw G1 Furzglqj rxw ri krxvhkrog frqvxpswlrq lv
rqh0iru0rqh iru hdfk xqlw ri dgglwlrqdo sxeolf dedwhphqw1 Vlqfh sulydwh fdslwdo dffxpxodwlrq
lv wkxv xqdhfwhg/ doo wudqvlwlrqdo g|qdplfv glvdsshduv iurp wkh qrq0hqylurqphqwdo v|vwhp/
l1h1  N+w,@ \ +w,@ u+w,@  Z+w,@3dqg  F+w,@  J@$￿ iru doo w  31
Zlwkrxw fkdqjhv lq wkh srooxwlqj fdslwdo vwrfn/ hqylurqphqwdo txdolw| lv dhfwhg rqo| e|
dgglwlrqdo sxeolf dedwhphqw1 Dffruglqjo|/ wkh hqylurqphqw lpsuryhv judgxdoo| dffruglqj wr
 H+w,@C  JD+.>w, rq dffrxqw ri vwrfn0 rz g|qdplfv ehwzhhq wkh  rz ri dedwhphqw dqg
wkh vwrfn ri hqylurqphqwdo fdslwdo1 Dv d uhvxow ri wklv judgxdo lpsuryhphqw lq hqylurqphqwdo













iru w  31
Zlwk doo jhqhudwlrqv vxhulqj wkh vdph gurs lq qrq0hqylurqphqwdo zhoiduh exw fxuuhqw
jhqhudwlrqv hqmr|lqj wkh vpdoohvw errvw lq hqylurqphqwdo zhoiduh/ wkhvh jhqhudwlrqv duh wkh
cfulwlfdo* jhqhudwlrqv lq ghwhuplqlqj wkh vfrsh iru d Sduhwr0lpsurylqj srolf|1 Wkh ryhudoo
zhoiduh jdlq wr fxuuhqw jhqhudwlrqv dprxqwv wr=
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Wkh dedwhphqw vkduh $C + 4  $￿, hqvxulqj gX+y>3, @ 3 lv wkh odujhvw dedwhphqw vkduh
vr wkdw doo suhvhqw jhqhudwlrqv duh dw ohdvw htxdoo| zhoo r +dqg zklfk wkxv/ lq ylhz ri +4;,/
pdnhv doo ixwxuh jhqhudwlrqv vwulfwo| ehwwhu r,=
$￿U
￿  4  $￿U
C @
 .  . .
.C.
= +4<,
Wklv h{suhvvlrq iru wkh Sduhwr0lpsurylqj dedwhphqw vkduh lv vlplodu wr wkh rqh ghwhuplqlqj
wkh rswlpdo dedwhphqw vkduh lq wkh uhsuhvhqwdwlyh0djhqw fdvh +yl}1 htxdwlrq +45,,145 Wkh
rqo| glhuhqfh ehwzhhq +45, dqg +4<, lv wkdw +4<, ihdwxuhv d kljkhu hhfwlyh glvfrxqw udwh/
./ lq rughu wr dffrxqw iru qlwh olyhv1 Fhwhulv sdulexv wkh hfrorjlfdo dqg wdvwh sdudphwhuv/
./ C/d q g./ d odujhu eluwk udwh/ zklfk lqglfdwhv wkdw jhqhudwlrqv duh pruh glvfrqqhfwhg/
surgxfhv d orzhu Sduhwr0lpsurylqj vkduh ri sxeolf dedwhphqw/ l1h1 C$￿U
C @C ? 31L q w x l w l y h o | /
wkh vkruwhu krul}rqv lpsolhg e| wkh odujhu eluwk udwh lpso| wkdw fxuuhqw jhqhudwlrqv ehqhw
ohvv iurp wkh hqylurqphqwdo lpsuryhphqwv wkdw pdwhuldol}h rqo| lq wkh ixwxuh1
45Erwk wkhvh dedwhphqw vkduhv duh edvhg rq dq htxloleulxp zlwkrxw furzglqj rxw ri fdslwdo1 Furzglqj rxw
lv devhqw lq +45, ehfdxvh d uhsuhvhqwdwlyh/ lqqlwho|0olyhg djhqw lqwhuqdol}hv doo hhfwv rq qrq0hqylurqphqwdo
zhoiduh1 Lq +4<,/ sxeolf ghew srolf| holplqdwhv doo glvwulexwlrqdo hhfwv lq whupv ri qrq0hqylurqphqwdo zhoiduh1
56915 Hjdolwduldq srolf|
Li wkh dedwhphqw vkduh lv vhw htxdo wr wkh dedwhphqw vkduh ghulyhg lq +4<,/ doo fxuuhqw jhq0
hudwlrqv duh lqglhuhqw1 Doo ixwxuh jhqhudwlrqv/ lq frqwudvw/ duh vwulfwo| ehwwhu r gxh wr
odujhu jdlqv lq hqylurqphqwdo zhoiduh1 Wklv vxjjhvwv wkdw d pruh dpelwlrxv Sduhwr0lpsurylqj
hqylurqphqwdo srolf| lv ihdvleoh li wkh jryhuqphqw uhglvwulexwhv uhvrxufhv dzd| iurp ixwxuh
jhqhudwlrqv wrzdugv fxuuhqw jhqhudwlrqv1 Dffruglqjo|/ wkh jhqhudwlrqv wkdw ehqhw wkh prvw
iurp wkh hqylurqphqwdo lpsuryhphqwv frpshqvdwh wkh jhqhudwlrqv wkdw ehqhw wkh ohdvw iurp
kljkhu hqylurqphqwdo txdolw|1 Sxeolf ghew srolf| fdq eh hpsor|hg wr hqvxuh wkdw wkh dg0
glwlrqdo wd{hv uhtxluhg wr qdqfh wkh dgglwlrqdo sxeolf dedwhphqw duh eruqh e| wkrvh zkr
ehqhw iurp wkh hqylurqphqwdo jdlqv surgxfhg e| wkh dgglwlrqdo dedwhphqw1 Lq wklv zd|/ wkh
dgglwlrqdo wd{hv duh lq idfw ehqhw wd{hv vlqfh wkhvh wd{hv fruuhvsrqg wr wkh ehqhwv iurp wkh
vshqglqj wkdw wkhvh wd{hv doorz1 Sxeolf ghew wkxv vhsdudwhv htxlw| frqfhuqv iurp h!flhqf|
frqvlghudwlrqv/ wkhuhe| hqvxulqj wkdw doo jhqhudwlrqv ehqhw iurp dq h!flhqf| hqkdqflqj
uhirup1
Lq frpsxwlqj wkh ehqhw wd{hv/ zh lpsrvh wkh uhtxluhphqw wkdw doo jhqhudwlrqv ehqhw
htxdoo| iurp wkh hqylurqphqwdo srolf|/ l1h1 gX+y>3, @ gX+w>w,@ iru doo y  3 dqg w  31E |
wkxv vsuhdglqj wkh jdlqv htxdoo| ryhu doo jhqhudwlrqv/ zh fdq lqwhusuhw  dv wkh sxuh h!flhqf|
jdlq dvvrfldwhg zlwk hqylurqphqwdo srolf|146 Wr qg wkh lqwhujhqhudwlrqdo wudqvihuv wkdw |lhog
vxfk d vr0fdoohg hjdolwduldq srolf|/ zh sdudphwhul}h wkh wlph sdwk ri sxeolf ghew dv iroorzv=




zlwk ￿ A 3 dqg e￿ A 3 erwk qlwh/ vr wkdw wkh erqg sdwk lv vwdeoh dqg frqyhujhv lq wkh
orqj uxq wr  E+4,   E+3, . e￿ . e21 Zkhq udlvlqj sxeolf dedwhphqw/ wkh jryhuqphqw wkxv
k d v y hl q v w u x p h q w v+ l 1 h 1  E+3,/ e￿ dqg ￿ +l @4 >5,, dw lwv glvsrvdo wr uhglvwulexwh uhvrxufhv
ehwzhhq jhqhudwlrqv1 Eryhqehuj dqg Khlmgud +4<<<, vkrz wkdw wkhvh lqvwuxphqwv duh vx!flhqw
wr duulyh dw dq hjdolwduldq srolf|147
Dv lq wkh suhylrxv vxe0vhfwlrq/ wkh jryhuqphqw ohylhv d rqh0wlph wd{ rq wkh h{lvwlqj vwrfn
ri qdqfldo zhdowk dw wlph w @3lq rughu wr htxdol}h zhoiduh iru doo h{lvwlqj jhqhudwlrqv=















46Wklv hjdolwduldq srolf| dssurdfk lv vlplodu wr wkh rqh dgrswhg e| Dxhuedfk dqg Nrwolnr +4<;:/ s1 89,1
Wkh| xvh wkh frqvwuxfw ri d Oxps Vxp Uhglvwulexwlrq Djhqf| wr frpsxwh h!flhqf| jdlqv1
47Wklv dvvxphv wkdw kg lv qrw wrr odujh1 Li wklv sdudphwhu lv wrr odujh/ sxeolf ghew srolf| fdqqrw hqvxuh
wkdw wkh ryhudoo zhoiduh jdlqv duh glvwulexwhg htxdoo| dprqj wkh ydulrxv jhqhudwlrqv1 Wkh uhdvrq lv wkdw wkh
uhglvwulexwlrq ri qrq0hqylurqphqwdo jdlqv lq idyrxu ri fxuuhqw jhqhudwlrqv lpsolhv furzglqj0rxw ri fdslwdo1 Li
wklv furzglqj0rxw ri srooxwlqj fdslwdo surgxfhv hvshfldoo| odujh jdlqv lq hqylurqphqwdo zhoiduh/ wkh hqylurq0
phqwdo jdlqv lq idyrxu ri ixwxuh jhqhudwlrqv grplqdwh wkh qrq0hqylurqphqwdo orvvhv vr wkdw ixwxuh jhqhudwlrqv
jdlq udwkhu wkdq orvh rq dffrxqw ri d odujhu vwrfn ri sxeolf ghew1
57E| lpsrvlqj d vpdoohu fdslwdo ohy| wkdq lq vhfwlrq 914 +vhh htxdwlrq +4:,,/ wkh orvv lq qrq0
hqylurqphqwdo zhoiduh vxhuhg e| fxuuhqw jhqhudwlrqv lv vpdoohu1 Khqfh/ wkh wd{ qdqflqj
kljkhu dedwhphqw wdujhwv frqvxpswlrq dqg fdslwdo ohvv exw kxpdq fdslwdo ri ixwxuh jhqhudwlrqv
pruh1 Lq whupv ri Iljxuh 5/ wkh grzqzdug vkliw ri wkh PNU fxuyh lv vpdoohu/ dqg dovr wkh
gurs lq frqvxpswlrq rq lpsdfw lv ohvv surqrxqfhg1 Dv d gluhfw frqvhtxhqfh/ lqyhvwphqw idoov
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Wkh uhglvwulexwlrq ri qrq0hqylurqphqwdo uhvrxufhv dzd| iurp ixwxuh wrzdugv fxuuhqw jhqhud0
wlrqv lv wkxv dvvrfldwhg zlwk furzglqj rxw ri pdq0pdgh fdslwdo1 Lq wklv zd|/ qdwxudo fdslwdo
uhsodfhv pdq0pdgh fdslwdo1 Zkhuhdv ixwxuh jhqhudwlrqv ehqhw iurp dgglwlrqdo dphqlwlhv
dvvrfldwhg zlwk d odujhu vwrfn ri qdwxudo fdslwdo/ wkh| orvh rq dffrxqw ri orzhu ehiruh0wd{
zdjhv gxh wr d vpdoohu vwrfn ri pdq0pdgh fdslwdo1
: Qxphulfdo vlpxodwlrqv
Wklv vhfwlrq suhvhqwv qxphulfdo vlpxodwlrqv iru dq deuxsw lqfuhdvh ri sxeolf dedwhphqw lq d
prgho zlwk sodxvleoh sdudphwhu ydoxhv surylghg dw wkh erwwrp ri Wdeoh 61 Wklv wdeoh vkrzv
krz wkh plqlpxp ohyho ri wkh hqylurqphqwdo xwlolw| zhljkw iru zklfk kljkhu sxeolf dedwh0
phqw lv Sduhwr0zhoiduh lpsurylqj ghshqgv rq wkh lqlwldo dedwhphqw vkduh dqg wkh eluwk udwh1
Wkh lqlwldo dedwhphqw vkduh lqglfdwhv krz dpelwlrxv hqylurqphqwdo srolf| lv lq wkh lqlwldo
htxloleulxp zkloh wkh eluwk udwh uh hfwv wkh lpsruwdqfh ri lqwhujhqhudwlrqdo uhglvwulexwlrq
ehwzhhq glvfrqqhfwhg jhqhudwlrqv1 Vxe0vhfwlrq :14 frqvlghuv wkh ehqfkpdun zlwkrxw ryhuods0
slqj jhqhudwlrqv1 Vxe0vhfwlrq :15 h{soruhv wkh fdvh zlwk ryhuodsslqj jhqhudwlrqv lq zklfk wkh
jryhuqphqw fdqqrw hpsor| ghew srolf| wr doohyldwh lqwhujhqhudwlrqdo uhglvwulexwlrq1 Wkh uroh
ri sxeolf ghew lv h{dplqhg lq vxe0vhfwlrq :161
:14 Qr ryhuodsslqj jhqhudwlrqv
Wkh uvw sdqho ri Wdeoh 6 h{soruhv wkh fdvh ri d uhsuhvhqwdwlyh/ lqqlwho|0olyhg krxvhkrog
dv d ehqfkpdun1 Wkh wklug dqg irxuwk froxpqv frqwdlq wkh lpsdfwv rq/ uhvshfwlyho|/ qrq0
hqylurqphqwdo dqg hqylurqphqwdo zhoiduh iru wkh glhuhqw ydoxhv ri wkh lqlwldo surgxfwlrq
vkduh ri dedwhphqw lqfoxghg lq wkh uvw froxpq1 Wkh vhfrqg froxpq hpsor|v wkh uhvxowv
iurp wkh wklug dqg irxuwk froxpqv wr frpsxwh wkh hqylurqphqwdo zhoiduh zhljkw ￿
. @
gX￿.+3,@gX.+3, iru zklfk wkh jdlqv lq hqylurqphqwdo zhoiduh h{dfwo| rvhw wkh orvvhv lq
qrq0hqylurqphqwdo zhoiduh vr wkdw ryhudoo zhoiduh lv xqdhfwhg e| wkh pdujlqdo lqfuhdvh lq
sxeolf dedwhphqw1 Iru wklv hqylurqphqwdo xwlolw| zhljkw/ wkh dedwhphqw vkduh uhfrughg lq
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hfwv
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wkh uvw froxpq lv rswlpdo1 Lw fdq eh lqwhusuhwhg dv wkh rswlpdo dedwhphqw vkduh iurp d
sxuh h!flhqf| shuvshfwlyhd }hur eluwk udwh lpsolhv wkdw jhqhudwlrqv duh frqqhfwhg vr wkdw
lqwhujhqhudwlrqdo uhglvwulexwlrq lv devhqw1
:15 Ryhuodsslqj jhqhudwlrqv zlwkrxw sxeolf ghew
Wkh vhfrqg dqg wklug sdqhov ri Wdeoh 6 lqyroyh ryhuodsslqj/ glvfrqqhfwhg jhqhudwlrqv1 Hdfk
jhqhudwlrq h{shulhqfhv glvwlqfw zhoiduh hhfwv ehfdxvh wkh sdqhov dvvxph wkdw ghew srolf| lv
qrw xvhg wr vprrwk zhoiduh dfurvv wkh ydulrxv jhqhudwlrqv1 Dffruglqjo|/ wkh hqylurqphqwdo
xwlolw| zhljkw wkdw pdnhv krxvhkrogv lqglhuhqw derxw d pdujlqdo lqfuhdvh lq sxeolf dedwh0
phqw lv vshflf wr hdfk jhqhudwlrq1 Wkh hqylurqphqwdo zhoiduh zhljkwv frqwdlqhg lq wkh iwk
froxpq +iru d eluwk udwh ri 3135, dqg wkh hljkwk froxpq +iru d eluwk udwh ri 3139, duh wkh plq0
lpxp zhoiduh zhljkwv hqvxulqj wkdw qr jhqhudwlrq orvhv iurp pruh sxeolf dedwhphqw1 Wkhvh
zhljkwv/ zklfk dvvhvv wkh vfrsh iru Sduhwr0lpsurylqj uhirupv/ uhtxluh wkh frpsxwdwlrq ri wkh
hqylurqphqwdo zhoiduh zhljkw wkdw pdnhv wkh zruvw0r jhqhudwlrq lqglhuhqw derxw kljkhu
dedwhphqw1
Dv douhdg| qrwhg lq vxe0vhfwlrq 81516/ wklv cfulwlfdo* jhqhudwlrq lv wkh roghvw ri wkh ixwxuh
jhqhudwlrqv dqg wkh |rxqjhvw ri wkh h{lvwlqj jhqhudwlrqv/ l1h1 wkh jhqhudwlrq wkdw lv eruq
dw wkh wlph ri wkh deuxsw lqfuhdvh lq sxeolf dedwhphqw1 Dprqj h{lvwlqj jhqhudwlrqv/ wkh
59|rxqjhvw jhqhudwlrq lv zruvw r ehfdxvh lw ghshqgv prvw rq kxpdq fdslwdo dqg ohdvw rq
qdqfldo fdslwdo1 Khqfh/ wklv jhqhudwlrq lv kxuw prvw e| wkh ghfolqh lq wkh uhwxuq rq kxpdq
fdslwdo dqg ehqhwv ohdvw iurp wkh ulvh lq wkh uhwxuq rq qdqfldo fdslwdo +vhh vxe0vhfwlrq 615,1
Dprqj wkh ixwxuh jhqhudwlrqv/ wkh roghvw jhqhudwlrq ehqhwv ohdvw iurp wkh lpsuryhphqw lq
hqylurqphqwdo txdolw| ehfdxvh wkh hqylurqphqw lpsuryhv rqo| judgxdoo| gxh wr wkh vwrfn0 rz
g|qdplfv1 Ri doo ixwxuh jhqhudwlrqv/ wklv sduwlfxodu jhqhudwlrq h{shulhqfhv dovr wkh vpdoohvw
orvv lq qrq0hqylurqphqwdo zhoiduh ehfdxvh lwv zdjhv duh kxuw ohdvw e| fdslwdo ghfxpxodwlrq1
Krzhyhu/ wkh furzglqj0rxw hhfwv rq fdslwdo dffxpxodwlrq duh txlwh vpdoo +vhh vxe0vhfwlrq
81516,1 Khqfh/ wkh |rxqjhu ixwxuh jhqhudwlrqv duh ehwwhu r lq whupv ri ryhudoo zhoiduh wkdq
wkh roghu ixwxuh jhqhudwlrqv duh> zkhuhdv wkh| gr qrw vxhu pxfk pruh lq whupv ri qrq0
hqylurqphqwdo zhoiduh wkdq roghu jhqhudwlrqv/ wkh| ehqhw vxevwdqwldoo| pruh iurp d fohdqhu
hqylurqphqw1 Iljxuhv 60;48 gr lqghhg vkrz wkdw wkh gdwh ri eluwk ri d ixwxuh jhqhudwlrq h{huwv
d pxfk odujhu lpsdfw rq hqylurqphqwdo zhoiduh wkdq rq qrq0hqylurqphqwdo zhoiduh/ zklfk lv
udwkhu  dw wr wkh uljkw ri y @3 1 Iljxuhv <04449 uhyhdo krz wkh gdwh ri eluwk ri d jhqhudwlrq
dhfwv wkh jhqhudwlrq0vshflf plqlpxp hqylurqphqwdo zhoiduh zhljkwv1
Wkh frpsdulvrq ri wkh sdqhov ri Wdeoh 6 lqglfdwhv wkdw lqwhujhqhudwlrqdo glvfrqqhfwhgqhvv
frpsolfdwhv hqylurqphqwdo srolf|1 Lq sduwlfxodu/ iru hdfk lqlwldo dedwhphqw vkduh/ wkh plql0
pxp hqylurqphqwdo xwlolw| zhljkw wkdw hqvxuhv wkdw hyhu|erg| jdlqv lv vpdoohvw lq wkh devhqfh
ri glvfrqqhfwhg jhqhudwlrqv +l1h1  @3 ,1 Krzhyhu/ dq lqfuhdvh lq wkh eluwk udwh +frpsduh wkh
vhfrqg dqg wklug sdqhov, h{huwv rqo| uhodwlyho| vpdoo hhfwv rq wkh plqlpxp hqylurqphqwdo
xwlolw| zhljkw1 Wkh uhdvrq lv wkdw wkh glvwulexwlrq ri wkh jdlq lq hqylurqphqwdo zhoiduh lv txlwh
vlplodu wr wkh glvwulexwlrq ri wkh orvv lq qrq0hqylurqphqwdo zhoiduh1 Lq sduwlfxodu/ zkhuhdv wkh
|rxqjhvw jhqhudwlrqv dprqj wkh ixwxuh jhqhudwlrqv ehqhw wkh prvw iurp lpsuryhg hqylurq0
phqwdo txdolw|/ wkh| orvh prvw rq dffrxqw ri wkh kljkhu oxps0vxp wd{hv1 Khqfh/ wkh kljkhu
oxps0vxp wd{hv dfw vrphzkdw olnh ehqhw wd{hv1 D kljkhu eluwk udwh lpsolhv pruh vxevwdqwldo
furzglqj0rxw hhfwv rq sulydwh fdslwdo dffxpxodwlrq1 Wkh hqylurqphqwdo ehqhwv lq whupv
ri d vpdoohu srooxwlqj fdslwdo vwrfn dqg wkh qrq0hqylurqphqwdo frvwv lq whupv ri orzhu zdjhv
rffxu dw wkh vdph wlph1 Dffruglqjo|/ wkh vdph jhqhudwlrqv h{shulhqfh erwk wkh ehqhwv dqg
wkh frvwv1
Frpsduhg wr oxps0vxp wd{hv qdqflqj sxeolf dedwhphqw/ srooxwlrq wd{hv dfw pxfk ohvv
olnh d ehqhw wd{ dqg wkxv lpso| pruh lqwhujhqhudwlrqdo uhglvwulexwlrq +vhh EK,1 Wkh uhdvrq
48Lq Iljxuhv 60; wkh {hg sdudphwhuv duh "u 'f H/ 4 'f fe/ k. 'f / kg 'f /d q gkC 'f D1L qI l j x u h v
607 1C lv yduldeoh/ b 'f f2/d q g/C 'f 1 Lq Iljxuhv 809 /C lv yduldeoh/ b 'f f2/d q g1C ' f
S1L qI l j x u h v
:0; b lv yduldeoh/ /C 'f /d q g1C ' f
S1 Qrwh ixuwkhupruh wkdw  uhsuhvhqwv wkh jhqhudwlrqv lqgh{ iru fxuuhqw
jhqhudwlrqv dqg | lv wkh lqgh{ iru klvwrulfdo wlph/ uhsuhvhqwlqj wkh jhqhudwlrqv lqgh{ iru ixwxuh jhqhudwlrqv
+zkrvh zhoiduh lv hydoxdwhg dw eluwk,1
49Lq Iljxuhv <044 wkh {hg sdudphwhuv duh "u 'f H/ 4 'f fe/ k. 'f / kg 'f /d q gkC 'f D1 Lq Iljxuh
< 1C lv yduldeoh/ b 'f f2/d q g/C 'f 1 Lq Iljxuhv 809 /C lv yduldeoh/ b 'f f2/d q g1C ' f
S1 Lq Iljxuhv :0;
b lv yduldeoh/ /C 'f /d q g1C ' f
S1 Wkh hqylurqphqwdo zhljkwv/ .Ec
￿/ duh vxfk wkdw hdfk jhqhudwlrq lv
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Iljxuh 6= Vshhg ri srolf| lqwurgxfwlrq dqg qrq0hqylurqphqwdo zhoiduh
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Iljxuh ;= Eluwk udwh dqg hqylurqphqwdo zhoiduh
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Iljxuh 44= Uhtxluhg hqylurqphqwdo zhljkw dqg eluwk udwh
lv dv iroorzv1 Lq frqwudvw wr dedwhphqw qdqfhg e| oxps0vxp wd{hv/ srooxwlrq wd{hv lq wkh
vkruw uxq udlvh wkh uhwxuq rq kxpdq fdslwdo dw wkh h{shqvh ri d orzhu diwhu0wd{ uhwxuq rq
qdqfldo fdslwdo1 Wkhvh fkdqjhv lq +diwhu0wd{, idfwru sulfhv uhglvwulexwh qrq0hqylurqphqwdo
zhoiduh dzd| iurp fxuuhqw wrzdugv ixwxuh jhqhudwlrqv ehfdxvh fxuuhqw jhqhudwlrqv ghshqg
rq qdqfldo dvvhwv zkloh ixwxuh jhqhudwlrqv vwduw wkhlu olyhv zlwkrxw dq| qdqfldo dvvhwv1
Dffruglqjo|/ dowkrxjk h{lvwlqj jhqhudwlrqv uhds wkh vpdoohvw hqylurqphqwdo ehqhwv/ wkh|
devrue d odujh sduw ri wkh frvwv ri hqylurqphqwdo srolf|1 Lq fdvh ri kljkhu dedwhphqw/ lq
frqwudvw/ wkh jhqhudwlrqv zkr ehqhw wkh prvw iurp wkh fohdqhu hqylurqphqw +l1h1 wkh ixwxuh
jhqhudwlrqv, dovr sd| prvw ri wkh frvwv +lq whupv ri d orzhu ydoxh ri kxpdq fdslwdo,1
Wkh idfw wkdw d srooxwlrq wd{ +zklfk ehduv rq qdqfldo fdslwdo, dfwv ohvv dv d ehqhw wd{
wkdq d oxps0vxp wd{ +zklfk ehduv rq kxpdq fdslwdo, h{sodlqv zk| qdqflqj kljkhu dedwhphqw
wkurxjk srooxwlrq wd{hv lv qrw khosixo lq uhgxflqj wkh uhglvwulexwlrq ri uhvrxufhv dzd| iurp
fxuuhqw wr ixwxuh jhqhudwlrqv1 Srooxwlrq wd{hv kxuwv wkh jhqhudwlrqv wkdw ehqhw ohdvw iurp
wkh hqylurqphqwdo lpsuryhphqwv +l1h1 wkh jhqhudwlrqv wkdw duh dolyh dw wkh srolf| vkrfn,14:
Dqrwkhu zd| wr vhh zk| qdqflqj sxeolf dedwhphqw wkurxjk srooxwlrq wd{dwlrq lv qrw olnho|
wr eh Sduhwr lpsurylqj lv wr ylhz wklv srolf| dv hdupdunlqj wkh srooxwlrq wd{ uhyhqxhv iru
sxeolf dedwhphqw1 EK vkrz wkdw xvlqj wkh uhyhqxhv iurp srooxwlrq wd{hv wr udlvh oxps0vxp
vxevlglhv kxuwv fxuuhqw jhqhudwlrqv wr wkh ehqhw ri ixwxuh jhqhudwlrqv1 Wklv frpsolfdwhv d
Sduhwr0lpsurylqj uhirup ehfdxvh wkh jhqhudwlrqv wkdw duh kxuw e| wklv uhglvwulexwlrq +l1h1
wkh fxuuhqw jhqhudwlrqv, hqmr| wkh ohdvw hqylurqphqwdo ehqhwv1 Hdupdunlqj wkh uhyhqxhv
iurp srooxwlrq wd{hv iru sxeolf dedwhphqw udwkhu wkdq xvlqj wkhvh uhyhqxhv iru kljkhu oxps0
4:Krzhyhu/ qdqflqj sduw ri wkh sxeolf dedwhphqw wkurxjk kljkhu srooxwlrq wd{hv udwkhu wkdq oxps0vxp
wd{hv khosv wr uhgxfh wkh uhglvwulexwlrq zlwklq fxuuhqw jhqhudwlrqv e| uhglvwulexwlqj uhvrxufhv iurp wkh roghu
jhqhudwlrqv wr wkh |rxqjhu jhqhudwlrqv zkr duh kxuw prvw e| wkh oxps0vxp wd{hv +vhh vxevhfwlrq 914,1
65vxp vxevlglhv ixuwkhu lqfuhdvhv wkh uhglvwulexwlrq lq idyrxu ri ixwxuh jhqhudwlrqv ehfdxvh
wkh ehqhwv ri sxeolf dedwhphqw rffxu rqo| zlwk d odj1 Khqfh/ wklv srolf| ri hdupdunlqj lv
hyhq ohvv olnho| wr eh Sduhwr lpsurylqj wkdq uhf|folqj wkh srooxwlrq wd{ uhyhqxhv dv kljkhu
oxps0vxp vxevlglhv1
Wdeoh 7 vkrzv krz jhqhudwlrqv dolyh dw wkh wlph ri wkh deuxsw lqfuhdvh lq sxeolf dedwhphqw
z r x o gy r w hl qf d v hk l j k h ud e d w h p h q wz r x o ge hs x ww rdy r w h 1 +(, ghqrwhv wkh sursruwlrq
ri wkh srsxodwlrq zkr jdlq lq ryhudoo zhoiduh dqg zkr zrxog wkxv yrwh lq idyrxu ri pruh
sxeolf dedwhphqw1 Zlwk kljk eluwk udwhv/ wkh lqwhuhvwv ri wkh hohfwrudwh duh pruh glyhuvh1
Dffruglqjo|/ wkh hohfwrudwh whqgv wr eh pruh glylghg wkdq zlwk orz eluwk udwhv1 Lq wkh odwwhu
fdvh/ wkh yrwhuv duh pruh krprjhqhrxv lq idyrxulqj ru uhmhfwlqj kljkhu sxeolf dedwhphqw1
Wdeoh 7 frqwdlqv dovr d qxpehu ri zhoiduh lqglfdwruv1 Wkhvh lqglfdwruv frqup wkh dqd0
o|wlfdo uhvxowv lq jhqhudo dqg Sursrvlwlrqv 7/ 8 dqg 9 lq sduwlfxodu1 Pruhryhu/ wkh qxphulfdo
uhvxowv lqglfdwh wkdw qrq0hqylurqphqwdo zhoiduh iru ixwxuh jhqhudwlrqv grhv qrw idoo pxfk zlwk
gdwh ri eluwk +l1h1 gX￿.+4>4, lv qrw pxfk ohvv wkdq gX￿.+3>3,,1 Dffruglqjo|/ wkh jhqhud0
wlrq eruq dw wkh wlph ri wkh srolf| vkrfn lv lqghhg wkh fulwlfdo jhqhudwlrq lq ghwhuplqlqj wkh
plqlpdo hqylurqphqwdo xwlolw| zhljkw iru zklfk qr jhqhudwlrq vxhuv d orvv lq ryhudoo zhoiduh
+vhh dovr Iljxuhv <044,1
:16 Ryhuodsslqj jhqhudwlrqv zlwk sxeolf ghew
Wdeoh 7 dovr vkrzv wkh frqvhtxhqfhv ri hpsor|lqj ghew srolf| dv dq lqvwuxphqw wr vprrwk
wkh zhoiduh hhfwv dfurvv jhqhudwlrqv1 Lq sduwlfxodu/ lw uhsruwv wkh h!flhqf| jdlqv iru glhuhqw
ydoxhv ri wkh eluwk udwh/ / dqg wkh lqlwldo dedwhphqw vkduh/ $C +vhh wkh hqwulhv iru ,1 Wkhvh
h!flhqf| jdlqv duh frpsxwhg xqghu wkh dvvxpswlrq wkdw sxeolf ghew lv xvhg wr hqvxuh wkdw
doo jhqhudwlrqv h{shulhqfh wkh vdph fkdqjh lq ryhudoo zhoiduh +vhh vxe0vhfwlrq 915,1 Li wkh
lqlwldo dedwhphqw vkduh lv }hur/ wkh h!flhqf| jdlqv duh srvlwlyh iru doo eluwk udwhv frqvlghuhg1
Ghew srolf| wkxv doorzv wkh zhoiduh jdlqv wr eh uhglvwulexwhg iurp ixwxuh wrzdugv fxuuhqw
jhqhudwlrqv +ri zkrp pdq| zrxog orvh zlwkrxw ghew srolf| hyhq iru prghvw ydoxhv ri ,1 Dw
wkh uhodwlyho| kljk eluwk udwh ri  @3 =4/ srolwlfdo vxssruw zrxog eh lqdghtxdwh zlwkrxw ghew
srolf| dv d pdmrulw| ri wkh fxuuhqw jhqhudwlrqv zrxog yrwh djdlqvw kljkhu sxeolf dedwhphqw1
Zlwk ghew srolf|/ lq frqwudvw/ doo jhqhudwlrqv duh vwulfwo| ehwwhu r vr wkdw srolwlfdo vxssruw
lv xqdqlprxv1
Wkh erwwrp ri Wdeoh 7 suhvhqwv ydulrxv dedwhphqw vkduhv iru hdfk eluwk udwh1 a $C uhsuhvhqwv
wkh pd{lpxp dedwhphqw vkduh dw zklfk doo jhqhudwlrqv duh mxvw lqglhuhqw derxw d pdujlqdo
lqfuhdvh lq dedwhphqw li ghew srolf| hqvxuhv wkdw doo jhqhudwlrqv h{shulhqfh wkh vdph fkdqjh lq
ryhudoo zhoiduh +dv h{sodlqhg lq vxe0vhfwlrq 915,1 Wkh uhvxowv uhyhdo wkdw/ dw kljk eluwk udwhv/
wklv dedwhphqw vkduh vxevwdqwldoo| h{fhhgv wkh fruuhvsrqglqj pd{lpxp dedwhphqw vkduh
+frpsxwhg lq +4<,, li sxeolf ghew hqvxuhv rqo| wkdw doo fxuuhqw jhqhudwlrqv duh lqglhuhqw +vhh
vxe0vhfwlrq 914,/ l1h1 a $C A$ ￿U
C 1 Dw wkhvh kljk eluwk udwhv/ wklv vkduh lv dovr vxevwdqwldoo|
66Wdeoh 7= H!flhqf| dqg lqwhujhqhudwlrqdo glvwlexwlrqdo hhfwv ri sxeolf
dedwhphqw
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Qrwh= Sdudphwhu ydoxhv duh 4 'f fe/ "u 'f Hf/ k. 'f / kg 'f / kC 'f D/ . 'edqg 1C ' f
S1 	 /C
lv wkh rswlpdo +hjdolwduldq, dedwhphqw vkduh +vhh vhfwlrqv 814 dqg 915,/ l1h1 wkh pd{lpxp dedwhphqw vkduh dw
zklfk doo jhqhudwlrqv duh mxvw lqglhuhqw derxw d pdujlqdo lqfuhdvh lq dedwhphqw li sxeolf ghew srolf| hqvxuhv
wkdw doo jhqhudwlrqv h{shulhqfh wkh vdph fkdqjh lq ryhudoo zhoiduh1 /
￿-
C lv wkh pd{lpxp dedwhphqw vkduh
xqghu pdmrulw| uxoh/ l1h1 /C vxfk wkdw j+(,@83 +vhh vhfwlrq :15,1 /
￿U
C lv wkh Sduhwr0lpsurylqj dedwhphqw
vkduh li ghew srolf| hqvxuhv rqo| wkdw doo fxuuhqw jhqhudwlrqv hqmr| wkh vdph zhoiduh +vhh vhfwlrq 914,1
67odujhu wkdq wkh dedwhphqw vkduh iru zklfk h{dfwo| kdoi ri wkh fxuuhqw jhqhudwlrqv lv lqglhuhqw
lq wkh devhqfh ri dq| sxeolf ghew srolf|/ l1h1 a $C A$ ￿-
C 1 Wkh qxphulfdo uhvxowv wkxv lqglfdwh
wkdw sxeolf ghew sod|v dq lpsruwdqw uroh lq idflolwdwlqj srolwlfdo vxssruw iru hqylurqphqwdo
srolf| li kljk eluwk udwhv lqglfdwh wkdw ydulrxv jhqhudwlrqv duh udwkhu glvfrqqhfwhg1
; Frqfoxvlrqv
Wklv sdshu kdv hpsor|hg dq ryhuodsslqj0jhqhudwlrqv prgho wr h{soruh wzr remhfwlrqv wkdw duh
riwhq udlvhg djdlqvw pruh sxeolf vshqglqj rq wkh qdwxudo hqylurqphqw/ qdpho| furzglqj0rxw
ri sk|vlfdo fdslwdo dqg lqwhujhqhudwlrqdo uhglvwulexwlrq dw wkh h{shqvh ri fxuuhqw jhqhudwlrqv1
Wkh dqdo|vlv vkrzv wkdw wkhvh remhfwlrqv duh qrw yhu| vwurqj1 Lq sduwlfxodu/ wkh furzglqj0
rxw hhfwv duh rqo| vpdoo iru uhdolvwlf ydoxhv ri wkh eluwk udwh1 Pruhryhu/ wkh furzglqj0rxw
hhfwv khos wr olplw wkh lqwhujhqhudwlrqdo uhglvwulexwlrqdo hhfwv e| hqvxulqj wkdw |rxqjhu/
ixwxuh jhqhudwlrqv/ zkr ehqhw prvw iurp wkh hqylurqphqwdo lpsuryhphqwv/ ehdu pruh ri wkh
frvwv ri qdqflqj wkh kljkhu sxeolf dedwhphqw1 Lqghhg/ d kljkhu eluwk udwh/ zklfk uh hfwv
pruh glvfrqqhfwhgqhvv dprqj jhqhudwlrqv/ lpsolhv pruh furzglqj rxw ri sulydwh lqyhvwphqw
lq uhvsrqvh wr kljkhu sxeolf dedwhphqw1 Wkh frvwv ri fdslwdo ghfxpxodwlrq lq whupv ri orzhu
zdjhv duh eruqh e| wkh vdph jhqhudwlrqv zkr ehqhw iurp d fohdqhu hqylurqphqw surgxfhg e|
wkh orzhu vwrfn ri srooxwlqj fdslwdo1 D orzhu fdslwdo vwrfn wkxv |lhogv erwk qrq0hqylurqphqwdo
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hfw/ vrflhw| vxevwlwxwhv qdwxudo iru pdq0pdgh fdslwdo1
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